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GURNEY 


BALL BEARINGS 





Their Load Capacity is Greater 


The exceptional load capacity of Gurney Bearings is due 
to two specific causes, by virtue of the design of the bearing 
and the process of assembling it, it is possible to put into 
it, without the use of filling slots, the maximum number of 
the maximum size of balls. The advantage of this is 
too obvious for comment. Secondly, there is realized ‘for 
each ball of given size distinctly greater capacity than has 
heretofore been effected by virtue of the character of the 
raceways that are ground in the Gurney plant. By the 
advances in precision which have been worked out by us 
and by the closer conformity of race curvature to ball curv- 
ature thus made commercially possible, we have made 
possible and have realized a larger area of contact between 
ball and raceway and have thus actually gained a decided 
increase in ball capacity. Our bearings are listed with 
greater load capacity than other makes. This sometimes 
arouses a little scepticism. But their ratings are in reality 
conservative. They are accounted for by the character- 
istics explained above. 


Gurney Ball Bearing Co. 


Conrad Patent License 


Jamestown - - N. Y. 
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Pulverized Coal as a kuel 


This Paper Together With the One Which Follows, on Pulverized Coal for Stationary 


the Discussion Thereon, Represent the Predominating Thought of the Fuel 
Session Held During the Spring Meeting 


By N. < 


This paper first reviews some of the uses of pulverized coal in the 
industries such as the cement, steel and copper industries, and then 
gives a technical definition of pulverized coal, describes the process 
by which it is prepared for use and furnishes a table of cost of 
preparation, The pulverized-coal-burning open-hearth steel plant of 
the American lron & Steel Manufacturing Co., Lebanon, Pa., is de- 
scribed and the advantages of pulverized coal, compared with pro- 
ducer gas as a fuel for open-hearth furnaces, are listed. 

The use of pulverized coal in stationary boiler plants is discussed, 
five determining factors in the successful operation of such a plant 
being taken up in detail. As compared with mechanical-stoker plants 
the advantages of the pulverized-coal plant are enumerated and cer- 
tain precautions to be observed with the latter type of plant are 
brought out. 

{ report of a test of a 468-hp. Edge Moor boiler with pulverized- 
coal equipment is included in the paper and the efficiency obtained 
is compared with the efficiency of a stoker-fed boiler in the same 
plant, a greater net efficiency being found in the pulverized-coal plant. 
The paper concludes with a statement of some advantages obtained 


in the pulverized-coal plant. 


Hk gradual disappearance of fuels, like natural gas, and 
the shortage in the supply of erude oils, have compelled 
recent vears a consideration of pulverized coal 
Pulverized coal was first used in the United States ab 
“IX vears ago for the economical burning of cement rock in the 
rotary kilns of the portland-cement industry and the growt 
the industry has had a great bearing on the development and us« 
of pulverized coal. Because of this growth pulverizing machines 
were also brought to their present igh state of development, foi 
n the manufacturing of cement not only is the coal p rized 


barrel of cement manufactured (weighing 380 Jb. 


but tor every 
there are required about 600 |b. of raw material such as limestone 


shale or cement rock and 380 |b. of clinker produced by the kilns, 


s1i¢ d 


portland 


all of whi must be 


product. As 


made l 


pulverized in order to make the fi 


there are a hundred million barrels ot 


cement this country annually, these figures will give one 


a reason whiy pulverizing machines have been so highly deve loped. 


Fine grinding of the raw material means reduction in the quantity 
ot fuel require d and also makes possible the highest quality ot the 
finished product, so far as the chemical analysis or combination is 


concerned. Fine grinding of the clinker means inereased strength 


that the 


proportion to the 


for the hydraulically active units in cement are 


reason 


direct percentage ot fine or impalpable 
powder in the finished product. 

The appheation of this form of fuel has been gradually taken 
ip by engineers connected with other industries, and its recog- 


nized value is such that the steel industry today is using in the 


eighborhood of two million tons of pulverized coal annually in 
arious types of furnaces such as open-hearth, heating, puddling, 
oaking pits, continuous-heating, reheating, annealing, and 
orging Lurnaces. 

The copper industry is also using between one and two million 
ns per year in ore-roasting furnaces, reverberatory and copper- 
ielting furnaces of all types. Large amounts of pulverized coal 
for the 


nodul- 


re used in rotary kilns (other than the cement industry 


esulphurizing and roasting of various grades of ores; for 


flue dust so as to make available products 


zing blast-furnace 
\ Report prepared for the Atlantic Steel 


Company, Atlanta, Ga., and 
er presented at a meeting of the Local i 


Section, Atlanta, and at the 


‘ring Meeting, Detroit, Mich., June 16 to 19, 1919, of THe AMERICAN 
CIETY OF MECHANICAL ENGINEERS. The paper is here printed in ab- 
ract form, and is subject to revision, Copies of the complete paper 
y be obtained at a nominal cost. 

\tlantic Steel Company, Atlanta, Ga Mem. Am. Soc. 


General Supt., 
E 


HARRISON, 


Boilers, and 

ATLANTA, GA. 
eretotore verv expensive to re C1 
ot jime tor u open-heart ful ( r bur 1 ‘ 
open-heart irnaces; and for the « ning 
from which are obta able such com qaities as pilaster I 
stucco, potash, ete. A total of approximat: lO n on tor 
ofl pul erized coal are burne il al I | ‘ » 
the above ind ISLT1es, 

A still further and very important development is o 
on. which will, when it attains its grow require mort lverized 
coal than probably all of the other industries combined, and that 
is in its application to locomotives parti irl the West 
There is still another field in which enormous quantities of this 

ie] will be used and a field in which we are all coneerned, and 
that 1s In the generation of power in stationary power houses 


Practically any coal can be burned in pulverized form with a 


proper furnace and burning equipment. Each application 


ever must necessarily be governed by the quality of the fuel 
available in the district in which it is made. Generally speaking, 
the coals which give the most satisfactory results are those in 
which the ash content is less than 10 per cent, the olatile 
averaging between 30 and 40 per cent and the fixed carbon 
between 40 and 50 per cent. The sulphur content should be low 
although coal with a sulphur content running as 9 is 4 to 
5 per cent is being burned in pulverized form under boilers an 
without any detrimental results. The ash s ive a 
melting point. These statements, however, are tentative, as t 
excellent results have been obtaines rom a . S, 
differing widely from the ideal analysis stated 

WHAT IS PULVER » CoaL? 

From a technical standpoint pulverized coal is that coal which 
is properly dried, crushed and pulverized so that the product 
contains the highest percentage of impalpable powder. Merely 
powdering coal does not fulfill the requirements. Coal must be 
pulverized so that at least 95 per cent will pass through a 100 


mesh sieve having 10,000 openings to the square inch, or in terms 
of dimension 95 per cent must be less than one two-hundredth of 


an inch eube . 
The 


degree ot fineness it is possible to reduce the coal today by pul- 


average person does not fully realize to what a high 


verization. The finer the coal is pulverized the more efficiently it 
ean be burned and the more readily it will be diffused when mixed 


with the air for combustion and fed into the furnaces. 


Pulverizing eertall ly does not change the nature ot the ¢ | 
but it does change its form to a certain extent in that the eval 
is changed from a solid into a fuel having liquid properties, As 


the coal is pulverized it is mixed with air, and when handled in 
the conveyor it flows like water; when fed to the 
and the 


irnaces it Is 


more or less like a gas, turnaces must be designed to burt 


a gaseous 


mixture 


DESCRIPTION OF A COAL-PULVERIZING PLANT 


A pulverizing plant consists of three main units: a crusher, 


a crushed-coal drier and a pulverizer, the number of 
ing on the size of the plant. 


each di pe nd- 
The coal is dumped in a track 
hopper and conveyed by either a belt or apron conveyor into a 
hopper feeding a single-roll coal crusher, or where slack coal is 
at hand, direct to an elevator pit. After being crushed to about 
one inch in diameter, it passes by gravity to an elevator pit, where 
Automatie 
weighing seales may be installed if desired before the drier storage 
bin. 


it is taken by bucket elevators to the drier storage bin. 


Magnetic-separator pulleys are also installed (where a belt 


240 
bobo 
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conveyor is used from the track hopper) to remove iron or steel 
serap in the shape of nuts, bolts, pick-points, wedges and such 
foreign matter, which would interfere with the pulverization. 

From the drier storage bin the coal passes to a coal drier. 
This drier must be of a size to deliver the required quantity con- 
tinuously and thoroughly dried. The drier is heated either by 
hand firing on grates or by pulverized coal, so arranged in either 
ease to avoid igniting the drying coal. The cylinder of the dner 
is rotated by power, either a small motor or line shaft being used. 
The dried coal falls from the drier through a chute into the pit 
of an elevator. In this chute the coal passes over another magnetic 
separator to remove any pieces of metal which might be left in the 
coal and whieh were not removed by the magnetic separator 
previously mentioned. 

This elevator carries it to a storage bin set aloft for supplying 
the pulverizer. By spouts and gates the coal is permitted to enter 
the pulverizer as desired, This pulverizer grinds the coal to the 
fineness required. From the pulverizer the coal is conveyed in 
various ways to the pulverized-coal bins. With the type of mill 
used at the plant of the Atlantic Steel Company, Atlanta, Ga., 
the pulverized coal is carried by spouts from the mill to the pit of 
an elevator, which earries it aloft to the serew conveyor, and the 
In another type of mill the 
finely pulverized coal is conveyed by suction fan from the mill 
to a eyelone separator, properly located over the pulverized-coal 
storage bin. This separator will allow the coarser particles to fall 
back to the mill to be reground, while the fine dust passes to the 


latter feeds the pulverized-coal bins. 


storage bin. No fine-dust elevator is necessary with this mill. 

These pulverized-coal storage bins are of a capacity propor 
tional to the service and hold a supply in excess of the amount 
required in the intervals when the grinding is not going on. Thus 
the mills may supply in eight to ten hours all that the furnaces 
may use in 24 hours. : 

If the pulverizing plant is located within 200 ft. of the furnaces 
and the furnaces are of large capacity, these storage bins are 
located directly at the furnaces, but if there are numerous small 
furnaces located at a considerable distance from the pulverizing 
plant, then the storage bins are located at some central point 
and the pulverized coal conveyed from these the 
various furnaces by means of one of three methods: first, screw 


points io 


conveyor; second, in a mass by means of compressed air; third, 
in Suspension in a current of air. 


Costs OF PULVERIZING COAL 


The cost of pulverizing coal depends upon four items: first, 
the amount of moisture that must be expelled from the coal 
before pulverizing; second, the cost of labor; third, the cost of 
at the pulverizing plant; fourth, the cost of elee- 
Table 1, issued by a pulverized-coal engineering com- 


coal delivered 
tricity. 


TABLE 1 COSTS OF COAL-PULVERIZING PLANTS AND COSTS OF 


PULVERIZING COAL PER TON NET 


Total cost Cost of plant 


Tons daily pulverizing including building, 


per ton, dollars dollars 
10 0.56 31,000 
20 0.51 31,000 
30-40 0.49 31,000 
50-90 0.39 37,000 
100-130 0.34-0.33 45,000 
140-180 0.32 50,000 
190-250 0.30 62,000 


pany, gives the cost of pulverizing plants, including buildings, 
and costs of pulverizing coal in plants of capacity from 10 to 
250 tons per day. These figures include all costs, except interest 
and depreciation, in the pulverizing plant proper, and deliver 
the dust from the top of the last elevator to the screw conveyor, 
which feeds the pulverized-coal storage bins. 
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PULVERIZED COAL IN METALLURGICAL FURNACES 


The development and use of pulverized coal in this eountry 
has primarily been due to its application in the cement industry 
and its gradual application to other types of metallurgical 


furnaces. Marked economies, and in some cases increased pro- 
duction, have been obtained from this fuel and within the last 


few years it has been applied very successfully to various kinds 


of heating furnaces, including forging, continuous-heating, 
busheling, puddling and open-hearth furnaces. Pulverized coal 
is also being used on continuous-heating furnaces with very 


gratifying results, and as a fuel for soaking pits its promises 
to be used more extensively in the future. 

One of the first applications of pulverized coal to the various 
types of metallurgical furnaces made by the American 
Iron & Steel Manufacturing Co., now the Bethlehem Steel Co., 
Lebanon, Pa., at whose plant this form of fuel was successfully 
apphed to heating, busheling and puddling furnaces, t) 


was 


is being 
practically the first attempt to apply it to the iron and steel 
industry. Taking into consideration the knowledge obtained from 
the the plant, that 
obtained from other installations, it has been found that furnaces 


above-mentioned and also 


experience at 


can be suecessfully operated by various methods of applying 
metallurgieal furnace 
requirements as to kind of 
the greatest recent development in its use has been as a 


for open hearth 


this fuel. Each type of 


presents different 


the burners to be used. Probably 
fuel 
furnaces and boilers. 

All open-hearth furnaces using pulverized coal as a fuel are 
of the 
this country to this, as far as the writer knows, and that excep 
tion was at the plant of the Iron & Steel Manuta 
Co., Pa., where they fired their open heart! 
furnaces from one end only. On the other end they installed 
waste-heat As an open-hearth propo 
waste-heat boiler 


1918 they 


} 
has 


reversing type. Ther been only one exception in 


American 


turing Lebanon, 


CCOMNOMIZCTS, 


boil rs ane 


sition this turned out to be a tailure, but as a 


proposition it wonderful During 


remodeled these 


Was a 


suceess. 
fired them from both ends. 

In the open-hearth furnaces the pulverized coal is delivered 
into storage bins located at the 


these bins driven by 


furnaces and 


each end of furnace. On the 


bottom ot variable 
speed motors tor supplying the amount of coal desired. This 
earries the coal by gravity into the burner pipe. These burners 
are usually a combination of compressed air at from 60 to 80 Ib 
pressure and fan air at about 8 oz. 


are screw feeders, 


pressure. In 
compressed air alone is used as the medium for conveying this 
into the The hearth of a pulverized-coal open 
hearth furnace is practically the same as the hearth of any 
other open-hearth furnace but the uptakes, slag 
checker chambers are entirely different. 
as small as possible so as to hold the gases in the furnace as 


some 


Cases 


coal furnaces, 
pockets and 
The uptakes are mad 


long as possible without blowing, and the slag pockets are made 
large so that the gases will have a slow velocity going throug! 
them, thereby depositing a large percentage of the heavy par 
ticles that are in the outgoing gases. On account of this heavy 
deposit, removable slag pockets, or very deep stationary pockets, 
should be used, so as to collect this accumulation over the run of 
the furnace. Where removable slag pockets are used, they ari 
taken out and cleaned and replaced about every two weeks. 

Only one checker chamber is needed on each end of the furnace 
If the checker chamber is large enough, these chambers should 
be built up with large tiles and laid in such a manner as 
form vertical flues, having openings of at least 6 by 9 in., or 
better, 9 by 11 in. In some eases, no checkers at all are used but 
the chambers are filled with baffle walls with openings from t! 
outside, so that the accumulation between these baffle walls ca 
be raked out. All passages from slag pockets to stack must b 
as straight as possible and wherever any bends must be mad 
some agitating device should be installed at these points. Th 
reversing valves are usually of the mushroom and damper-slid 
type. 

The best coal for use in pulverized form in open-hearth pra 
tice is a bituminous coal as high in volatile matter as possib|: 
and preferably low in ash. It should never contain below 32 
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per cent ol volatile, nor more than 8 per cent ol ash. 
that the 
ground as possible and it should be so fine that about 97 per cent 
through the 
cent and not less than 85 per cent through the 200-mesh si 


Kou Opec} 


hearth furnace use it is necessary coal be as finely 


will pass 


100-mesh sieve, preferably 90 to 93 pe 


and from 70 to 75 per cent through the 300-mesh sieve 


This very fine pulverization is necessary for quick combu 
tion and for the removal of sulphur in the coal; and in orde1 
to obtain this complete combustion before the flame strikes th 


bath, some 6 or 8 ft. are 
to the bath. 


necessary trom the end of the burners 


PULVERIZED COAL vs. Propucer Gas 





The advantages and disadvantages from the use of pulverize: 
coal, as compared to gas produce rs, as a tuel for open-heart 
lurnaces, Trom obse rvation of its use up to date are a " 

a Since the coal is of a more even chemical compositi the 
heat unit re consumed he furnace, while in the case g 
produce ‘ IS to 25 cent of hi hea units are t t 
producer ‘ when I ting the coal into ga Phi 
in a greater nber of hea per weel 

b One irt furnace ng powdered f p ‘ 
ow I col }) qua » the bes prod er-ga ! 
much better than the average of the older plat in t 
it the writer plat (The Atlantic Steel Compan At G 
ib. t OO me ent 

cs ean | | | I f } t low 
ind « ve ‘ I th i] Xi wt 

hic s about the sua the eos forg fying il in g 

d Although the f this fuel in tallurgi f 
been developed on 7) per cent, it is believed 

ment is steadily in neg In tl writer's pl 

al open-hearth furnace h been shut down more ofte1 he 

wiucer-gas furnace of the sar yA This has bee 
il ag pocke ng » with brick nd slag f st) 

ats; these troubles, however, are being = gt 
lecreasing the size of the akes and enlarging tl yy 
hereb " tl gust in the fur nger at 
slowly through the large slag pockets, so that the henyv 
settle, and now only the tine particles are going to e 4 
particles are beir blown off daily by compresse ! I; s 
means it Is expected to get a much Jonge ife out of the ckers 
ind consequently longer runs out of the furnace. sinee th g up 
f the heckers has always been the deciding factor in the ength 
run of the furnace, 
e Sulphur does not give any trouble as long as thet i good 
raft and the furnace is working hot, as this plant is now g over 
1 per cent sulphur in its coal and getting good results though 
hen checkers get clogged up and the furnace begins due 
lack of draft, there is trouble with the bath taking 
This takes place during the last week's run of the furna t be 
re it goes down for repairs 
The pulverized-coal open-hearth furnace is under complet: trol 
f the first helper as to the amount of coal being used a mes, 


ir blast and temperature. 
g The flame, using the 


ch allows the use of a 


same coal as on gas producers, is hotter, 
scrap 1 ton of 
eel, thus reducing the consumption of high-priced pig 
h The finished steel is quieter in the molds. 

rly oxidized, as the coming direetly in 
sa greater reducing action All 
burning » at 


greater percentage of 


} 
Iron 


due to not 
with the 


being 
bath 
minated 
eaning flues, ete.) although the pulverizing plant 
ist be given attention as to dryness and fineness of coal 

i Up to date, the 


conl 


contact 
gas-house troubles are el 
fires 


refractory costs have been very much greater on 
e furnace using pulverized coal than on the gas-producer furnaces 
1 was almost twice as great a year or so ago, although the writer 
of the steadily increasing development of the 


e of this fuel, these refractory costs will be steadily decreased 


lieves that on account 


Table shows a fuel 
sed on open-hearth furnaces and it will be seen that natural 


as is not only the ideal fuel but is the cheapest. 


comparison of costs for all fuels now 


PULVERIZED COAL IN STATIONARY PLANTS 


Many engineers who attempted to burn coal in pulverized 
rm obtained unsatisfactory results, and concluded it was “ im- 
ossible.” In many of the earlier trials to burn pulverized coal 
nder boilers the usual method was to install coal-feeding devices 
some kind in the furnace as it stood, with the result that the 
re bricks melted down and the tubes were plastered with un- 


nsumed carbon, ashes and soot. So destructive were the results 
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rABLI FUEL COSTS FOR OPEN-HEARTH FURNACES 
hia ( ( 
Kind ‘ ! rh \ 
N tura = iu 4* j t 
6000 
| i m 
| ( 739 ) 
| 1 g 
| 
\ 
\ { 
t cluUSsK ‘ I] ‘ ere ‘ 
1 rea ( ‘ ! ( ! I ‘ 
l ‘ rLadilie i il¢ ( l ines ’ 
I es ra ( Sle, 
or e proper combustior rT « nder pouers, the 
e mal points wll must iM ! serious ¢o! 
rw is¢ T hie t) ning | ~ ‘ \ ali i cess es 
fivs points are ] fineness. <ize « COy 7 on « rier , ‘ 
\ 0 ning ! r «a ‘ ! a « 
Coal Fines he pulverized coal should run about 96 per 
el Oo (Mrs <CTeCO? rie yout SO ‘ rou 
‘ Whey , | runs be y SO ‘ roug thy 
200-mnes sere ticles « carbo \ roug e al 
nside e tion chambs nd as ese particles are not, 
completely Durie Vine the gases reas thie ibes, the \ 
depos emselves on the tubes These ‘ particle n the 
sULIVEerIZe i ire will some mes s¢ r 
e ¢ us n chamber and will soon build up in the 
stalactites his accumulation will continue to buil ntil the 
bottom of the combustion chamber continues to be raises intil it 
comes in conta e fla ese b » p es wil 
thi seo : iss, whlik nm a verv short t wi 
CAUSE is l d wh ¢ ep (! ( Ss Tused 1 it 
a ! re <s ? ~ ces burr ? } 
verized tuel under boilers, to ( coal as fine e 
as possible 
Size of Combustion Chamber Betore installing, or cons aering 
e use of pulverized coal under boilers, a study of the boiler 
house installation should first be made, the rating at which th 


boilers will be operated decided ipon, considering 


which may develop. The combustion chamber shou 


large enough to take care of the maximum loads which will ] 
developed from the boilers at any time. After this maximu 


rating has been determined, the combustion chamber is 
ising a cubical capacity equivalent to 


designed, 
approximately 50 eu, ft 
per lb. of coal burned per min., or approximately 21% eu. ft. per 
It it is 


rating 


ce ided to 


hp. developed by the 
at 150 


boiler. boiler 
this and the 
designed accordingly, the efficiency will not be decreased per 


ceptibly if the boiler is run under 


run tis 


per eent of combust ol ( 


amber 1s 


this 150 per cent rating, but 
if over a 150 per cent of the rating is deve loped serious difficulties 
will result. 


More coal and air must be admitted to the boiler 


to develop the greater rating, and consequently more combus 


tion space is needed; and finally if this combustion space is not 
available the flames impinge on the brickwork and cut it away 
very rapidly. the 
gases strike the bottom row of tubes and consequently the gases 


will up the stack 


Also, combustion is not complete at the time 


pass unburned. decreased. 
The size of the combustion chamber should also be so designed 
that the velocity of the should not 
combustion chamber at a speed of more than 6 ft. per sec. The 
mixture of air the chamber, as 


stated above, should be at as low a pressure as is possible to 


Efficieney is ther 


gases pass through this 


and coal entering combustion 





words, breathe 


Suspension; or, in other 


The pressure at which the pulverized 


coal is admitted to the turnace is as low a pressure as can be 
sed to carry this fine coal im suspension, and is about halt an 
ince pressure at the nozzle. In some installations the coal falls 
bv gravity from the variable-speed screw conveyor, located on 


he bottom of the pulverized coal bin, into a fan air line which 


carries it into the furnace and also supplies the necessary air 


for combustion. Some few openings are placed in the front wall 
ot the 
and a few mia also be placed on the side walls of thie 
protect the brickwork at 

In other the 
the coal into the furnace varies, according to the rate at 
The balanee of the air to burn the 


boiler to give any additional which may be needed, 


air 
boiler to 
times. 

installations amount of air necessary to convey 
which 
the boiler is being operated. 
coal properly is admitted through adjustable air openings in the 
These open- 
the 


coal 


front, sides and bottom of the combustion chamber. 


ings are made adjustable and are placed on all sides of 
combustion chamber to take eare of the various grades ot 
which may be used in the boiler plant. By properly observing 
the combustion in this chamber, by a little experience the fireman 
knows at exactly what points to give more, or less air needed for 
combustion. 

Damper Regulation. In order to give the proper velocities 
of gases passing through the combustion chamber, it is necessary 
accurate damper regulation to take care of the 
the 


damper should be so regulated that it will maintain practically 


to have very 


various load conditions which boiler is to supply. | The 


a balanced dratt inside ot the combustion chamber and only a 
shelit the first 


more than 0.10 to 0.15 in. 
than this, it pulls the gases through the combustion chamber too 


vacuum 1 pass, 


while at the damper itself not 
is required. If there is more vaeuum 
fast, causing them to be unburned before reaching the first row 
of tubes and will then build up very fast on the outside of thes 
This very small draft needed at the base of the stack will 
allow us to operate boilers using pulverized coal with stacks of 
about 30 to 35 ft. in height. 

Clean Tubes. In order to get the maximum evaporation from 
boiler it is neeessary that the tubes be kept clean. They 
Once every 24 


tubes. 


any 
should therefore be blown at least every 6 hours. ‘ 
hours the bottom of the first row of tubes should also be blown 
as these are the tubes in which the gases come into contact first 
after leaving the This material 
blown off easily if the combustion chamber has been properly 


combustion chamber. can be 
constructed and if the tubes are blown regularly as needed. It 
they are not blown regularly this material accumulates very 
fast time will become 

Another item, which might have been called the sixth point, is 


the removal of ash which deposits at the bottom of the combus- 


and in fused and cannot be blown off. 


tion chamber. This ash should be removed at regular intervals, 
which intervals will be determined by the amount of ash in 
the original coal. If the ash is not removed regularly, it will 
build up until it comes in contact with the flame, when it becomes 
fused and has to be dug out. But if removed at regular intervals, 
it ean be easily raked out with the ordinary boiler-room ash rake 
and will not consume more than half an hour per 24 hours, and 
will not interfere with the operation ot the boiler while this is 
being done. 


PULVERIZED COAL VS. STOKERS 


The following are some advantages of pulverized coal as a fuel 
for boilers over stokers: 


a Much wider variation in the quality of the coal usable is 
obtained when burning coal in pulverized form. Practically any 
and all grades of coal can be burned in this form with economy. 

b The ability to take care of peak loads almost instantaneously. 
In other words, a pulverized-coal burning system is much more 
flexible than a stoker installation. Its flexibility approaches that 
of oil or natural gas. 

c The amount of coal that can be burned per square foot of grate 
surface on stokers is limited so that for increased capacity the boiler 
setting must be spread out to cover more area. When using pulver- 
‘ed coal, this condition does not exist, for proper furnace conditions 
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ean be obtained by increasing the height of the Oller setting or 
the depth the combustion chambe 

d By throwing a switch the entire firing operation ceases; an 
advantage in case of accident or emergency 

Ash is in much better condition to handle. The ash is in the 

form of a dust or slag depending upon its melting point. This helps 
to maintain constant furnace temperature as there are no inter 
ruptions to firing conditions on account cleaning tires 

f Pulverized coal is fired dry, containing less than 1 per cent of 
free moisture, whereas coal burned on stokers may vary anywhere 
from 1 to 10 per cent, of free moisture as fired 

y Considerably less excess air is necessary for complete com 
bustion. This item is of the utmost importance when making com 
parisons. Less excess air means less power for furnishing air supply, 


particularly where foreed draft is used. With less excess air the 
stack losses are less. Lower grades of coal fired on stokers require 
more excess air as it is quite difficult for the oxygen to get in close 
contact with the combustible. An air supply sufficient to furnish 
all the air for combustion should be available, although at times 


furnace 
action of 


nt of the air is necessary to be injected into the 
with the coal, the balance being supplied by the induction 
the burner or drawn in by the stack draft through the 
adjustable openings in front and sides of combustion chamber 
air going into the furnace should be under 
regulation under all firing 

h With furnace properly proportioned and with 
burning equipment smokeless operation may be maintained indefinitely 
This of all th before 


only Pra) per ce 


various 
The 
} 


control to permit close 


conditions of 


property ck signed 


is due to complete combustion particles of coal 


coming in contact with the cold surface of the tubes of the boiler 

The following few points must be kept in mind for the 
successful burning of pulverized coal under boilers: 

a A boiler furnace using pulverized coal should have as few 
urners as is possible consistent with good regulation. The burners 
must be proportioned for the maximum rating of the boilers, and 
they must be adjustable. Simplicity of design is desirable It has 
been found much more desirable to introduce coal into the furnace 
as far away from the side walls as possible so that the rapid con 
tinuous expansion of the gases will not develop high velocities in 
close contact with the furnace refractories Furnaces under boilers 


should be proportioned so that the velocity of the gases should not be 


excessive, particularly at the smallest cross-sectional area of the 
furnace, Vertical baffles should replace all horizontal baffles 

b A boiler of any size can be fired successfully with pulverized 
coal, Various designs and makes of boilers can be readily arranged 
for pulverized-coal firing, but those containing the smaller percentag: 


for the lodgment of ash are preferabl 
c Feeders for regulating the flow of pulverized coal to the f 
designed so that at all variation in quantity will 
he directly proportional to the speed of the screw flooding 


The speed of the feeder should be so operat 


of space 
Irhace 
must be times the 
and no 


allowed. regulated that 


ing at its maximum r.p.m. the supply of pulverized coal to the 
furnace will not exceed the capacity of the furnac Soot blowers 
should be installed in settings where pulverized coal is used. 

d The equipment for using pulverized coal is standard for any 
grade of coal so far as handling, preparing and delivering to the 
furnace is concerned. Only a slight change is necessary in the fur 
nace to take care of coals of very low volatile content, such as 
anthracite, culm and coke breeze, and increased drying capacity is 
desirable when lignite coal is used. With stokers this is not the 
case as the varying quality of coals require different type stokers 
to obtain highest efficiency. 

Test OF A Borter UsinG Putverizep Coat 


The following is a report of a test made on a 468-hp. boiler 


using pulverized coal as fuel. This installation is noteworthy 
not only by reason of the high efficiency obtained, but also be 
cause of the fact that it has made clear some of the conditions 


necessary for the successful operation of boilers utilizing pow 
dered fuel. 

When the first 
undesirable conditions resulted. 
high furnace temperature resulting in fusion of the ash particles 


boiler was put number ot 


An insufficient air supply caused 


Into operation, a 


and accumulation of slag. between the tubes, o7 


the furnace walls and in the ashpit. 
slag presented considerable difficulty. It 
the combustion chamber was of insuflicient size. 


a consequent 
The removal of the molte 
found that 
High gas veloe1 


was also 
ties resulting from insufficient air in the chamber tended toward 
destruction of the refractory surfaces of the furnace. 
A new therefore The 
chamber was enlarged and a regulated air supply was provided 


furnace was designed. combustio! 
for by means of a number of auxiliary air openings equipped 
with dampers. The aceumulation of slag in the pit was pré 


vented by raising the point of admission of the fuel into the 
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By FRED'K A. SCHEFFLER, 

It is the purpose of this paper to present those facts which the 
authors believe indicate the coming general adoption of pulverized 
coal as a fuel for boilers. Since stoker firing is the most efficient 
method when solid fuels are used, a comparison of stoker and pul- 
verized-fuel plants is given, with particular reference to reliability, 
cost, adaptability and efficiency. The cost of pulverizing coal and the 
cost of stoker operation are discussed in detail and tables given show- 
ing results of tests on pulverized-fuel plants and data regarding boiler 
installations using pulverized coal as a fuel. 


LTHOUGH a rreat interest has been aroused 
throughout this country and abroad in the adaptation of 
pulverized coal to boiler furnaces, it is remarkable how 

little is known, in a practical way, of what is actually being done, 

how it is accomplished, and what results have been obtaimed. The 
purpose of this paper is therefore to set forth the facets which 
indicate the coming general adoption of pulverized coal as a fuel 
for boilers, the discussion being presented m the form of a com- 
parison with stoker firing—the most efficient method in general 
use for burning solid fuel under boilers. It is hoped that the 
data and illustrations presented will prove of interest and will 
eall forth discussion which will serve to develop further this study 
of the best method of reducing power-operating costs. 

The ultimate adoption of a new method depends entirely on its 
overall commercial efficiency. 


very 


In the generation of power, over- 
all efficiency may be considered as composed ot the following fae- 
tors: reliability, cost and adaptability. A method may acquire a 
wide field if it shows improvement in any one or two of these 
points. Improvement in all three points leads to the general 
superseding of other methods. 

Reliability. This factor depends on two items: apparatus for 
preparing and presenting the fuel for combustion, and continuity 
of operation of the furnace itself. 
of these includes the stoker itself. 


In a stoker installation the first 
Neglecting the inherent defects 
of any system that presents a metal mechanism to the action of 
high temperatures, it may be admitted that the stoker system is 
satisfactorily reliable, with respect to its apparatus, for prepar- 
ing and presenting the coal for combustion. 

The corresponding mechanisms for pulverized fuel are equally 
reliable. This fact is proved by their widespread use for years 
in the vement industry and more recently in an ever-increasing 
variety of industries. It should be recognized that these mechan- 
isms are not innovations, but are the result of years of develop- 
ment under operating conditions. Proper design of equipment 
by engineers of standing who are specialists in this line has made 
negligible the danger of dust explosions, the oceasional oceur- 
rences of which in vears past have furnished ammunition to the 
opponents of pulverized fuel. 

The second condition for reliability is the continuity ol opera- 
tion of the furnace. Here again there will be found an apparent 
balance between stoker and pulverized-fuel installations. The 
advantage, however, lies with pulverized fuel, and for several rea- 
sons The mechanism is altogether outside the furnace, henee 
cleaning and adjustment and the making of the 
quired need not interrupt the operation of thy 


of sudden 


few repa'rs re- 
boiler. In case 
necessity the fire may be ignited and quickly brought 
to full intensity, or it may be extinguished almost instantly. The 
greater uniformity of flame and temperattre is also conducive to 
longer life of the furnace lining in a properly designed furnace, 
and to a minimum variation in furnace efficiency. Finally, the 
pulverized-fuel installation relieves the power plant from depend- 
ence upon the availability of a certain grade of coal. Stokers will 
not handle all grades of coal. 


Presented at the Spring Meeting, Detroit, Mich., June 16 to 19 
of THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
printed in abstract form and is subject to revision. 
plete paper may be obtained at a nominal cost. 

* Manager Pulverized Fuel Dept... Fuller Engineering Co. 

*Chief Engineer, Fuller Engineering Co, 
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Cost. This second factor refers to the cost per B.t.u. delivered 


to the boiler. The various items entering into*this cost by the 
stoker system comprise power, repairs and maintenance, labor, 
interest on investment, depreciation, insurance and taxes. 

With pulverized-coal equipment the cost of fuel for the drier 
should be added to the preceding items, as it is clearly cheaper 
to remove the excess moisture content from the coal in a drier, 
from which the gases leave at very low temperature, than m the 


furnace itself, where the evaporation of the moisture damps the 


lire, increases the content of inert gases and carries off a very 
perceptible amount of heat. 
Returning to the balanced cost items, it appears that these 


show a saving in favor of pulverized fuel in a large power plant 
and for the stoker m a small power plant. 
are discussed further on in detail. 


The figures in question 
It should be noted that when 
central pulverizing plants are built they will relieve small power 
plants of the necessity for maintaining pulverizing equipment and 
will make pulverized fuel considerably cheaper than stoker-ted 
fuel, regardless of the size of installation. 
being carried out successfully. 


This feature is already 


The final item of the cost, namely, furnace efficiency, which 
governs all the others, results in all respects to the advantage of 
pulverized fuel for the following reasons: 

First: The fuel enters the 
divided state, being introduced with air at low 
approximately pertectly mixed with the air 
feet combustion. 


combustion chamber in a finely 
pressure, and 1s 
lor theoretically per 
Therefore no excess air 1s required tor complete 
Should it 
excess air with pulverized fuel, it can be done in exact amounts, 
evenly distributed, without affecting the uniform nature of the 
flame and flue gases. 


combustion. be desired tor other reasons to introduce 


This uniformity, which cannot be obtained 
in either grate or stoker installations, means maximum efficiency 
in all parts of the furnace and a maximum rate of heat transfer 
ence to the boiler throughout its exposed area. It also means that 
flue-gas analysis gives an accurate determination of conditions in 
the furnace, and that control of coal delivered and air supply ear 
be adjusted with great accuracy. 

Second: In pulverized form all of the combustible is burned, 


a consummation certainly impossible in lump coal firing by either 


hand or stoker. It is not unusual to find 20 to 30 per cent of 
earbon in ash refuse from grate- or stoker-fired boilers 
Third: 
with change of load or when shutting down, such as banked fires, 
ele. 
Fourth: 


nothing of a mechanical nature takes place in the 


With pulverized fuel there are no stand-by losses, either 


With properly designed pulverized-fuel apparatus 
furnace Ir 


ring not only is the mixing with the air done 


stoker and grate 
in the furnace, but the presentation of fresh surfaces of combust. 
ble to the air supply must take place by the removal of the ash 
and its discharge throug must be 
great enough to foree the air supply through the ash bed. 
Adaptability. 
bility. 


1 the grate bars, or the pressure 


The third faetor of overall efficieney 1s adapta 
Pulverized fuel is here preéminent. The primary featur 
is the possibility of burning all grades of fuel without affecting 


the efficiency of the furnaee. To burn anthracite and very low 
grades of fuel requires a furnace allowing a return flow of the 
flame past the incoming flame, to heat up the incoming fuel, and 
in a furnace of this type fuel containing over 50 per cent ash has 
been burned with high efficiency. 

The flexibility in the use of pulverized fuel is perfect, and the 
fire may be instantly adjusted to suit any condition of overload 
or lower load, ineluding the eutting in and out of the boilers. The 
paramount importance of this feature and the utter impossibility 
of approaching it with stoker or grate firing is readily evident 
Furthermore, the operation and the determination of conditions 
for complete combustion may be made automatic, the result being 
a smokeless and sootless boiler plant, which is essential in modern 
cities. 
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The primary requisite for good results is to 
maintain low velocities in the furnace in order to avoid damage 
to the A furnace cubical in shape 
usually gives the most satisfactory results. The burners should 


Furnac ¢ De sign. 


linings and their erosion. 


inject the coal under low pressure and should permit of varying 


the density of the mixture in the burner itself. Their location and 


number will depend upon the size of the boiler and rating r 


quired, and also may be varied to suit the grade of fuel. High 
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better than from 63 to 65 per cent, although a carefull) conducted 
test on one boiler and furnace might show during several hours’ 
run 75 per cent efliciency. This statement has been confirmed by 
other engineers. The results with pulverized fuel, however, would 
be totally diiferent. 
furnace and boiler efficiency of 75 per cent, and even higher, could 
bye 


plant would be practically equivalent to that of 


There is no apparent reason why a combined 


not maintained throughout the year, as the operation of 


fuel-oil i stall: 


a 


boiler ratings such as are used in modern boiler practice can be tion, in which stand-by losses, banked fires, ete., are almost entirely 
obtained when desired, and such overratings should be predeter eliminated. Unquestionably there should be a saving, under these 
mined and the furnace volume designed accordingly. circumstances, of 12 to 15 per cent of the total coal consumption 
In Table 1 will be found an itemized statement of the cost ot in tavor ot pulve rized coal. and this reduction. on a basis ot even 
pulverizing coal, and in later paragraphs some statements as to a 2000-boiler-hp. plant, will show a very fair return on the vest 
the eost of stoker operation for purposes of comparison. lable 2 ment, neglecting the tact that a lower-grade and cheaper coal could 
gives reports of preliminary tests made on some of the pulverized be used. 
fuel installations now in operation. <A third table in the complete 
paper gives particulars regarding 19 installations since August Cost or PULv! nG COAL 
1916, comprising 96 boilers of various types and sizes ranging - 
Che cost of pulverizing the coal is ot prime importance, as low 
costs are essential for success and are achieved when the quantity 
rABLI COST OF DELIVERING PULVERIZED FUEL TO BOILERS used per day of 24 hr. exceeds 100 tons. The cost of pulverizing 
= is made up of a number of items, namely, power, repairs, coal 
for drying, labor, interest, depreciation, taxes and insurance 
4 plant ant Power. The power required in an up-to-date pulverized coal 
d rs pe , - . . 
apt plant is from 12 to 13 kw-hr. per net ton of coal crushed, dried 
{ nD rr } 
— and pulverized. The additional power required for transferring 
Power at *4 per kw ur 7 kw " et the coal to the point of use and feeding it to the boilers will vary 
ton Ri) 1°07 z } 1 
' i wy. bse considerably, depending upon the distance transported, the size 
abor at 4 ‘ 0.14 - ’ : N : 
Drier wt $ leliv Of and number of the boilers, and the conditions under which they 
Repairs ). 07 operate. The power required for this latter purpose aries be 
tween 4 and 6 kw-hr. per net ton, so that the total power for the 
\Total act = — oe 0 2075 : ; . : 
: ’ saat > ied $ entire process from the track and storage delivered to the boilers 
on 61 is 17 or 18 kw-hr. per net to In the following paragraphs the 
t it 6 1 ) 
Depre cost ol power has been assumed at "4 cent per kw-hr 
Taxes a1 Repairs. The item of repairs, including material, labor and 
I “~ general upkeep of the plant or maintenance, tor e entire pul 
verizing plant and burning equipment will vary from 7 to 10 
cents per net ton o! coal handled. The figures ce pend upol oeal 
from 100 to 600 hp. and aggregating 25,000 hp. in capacity. conditions and the size and general arrangement of the entire 
While these do not show the maximum eflicieney to be expected nstallation. 
with the further development of the art, they nevertheless indieate Coal for Drying. This item depends directly upor er 
that the inherent difficulties have been solved and that at th pres- centage of moisture and upon the price of coal. Ordinar only 
ent moment pulverized fuel is in a position to compete advan- from 1 to 1% per cent of the total amount of coal used is required 
tageously with any other method of burning solid fuel under for drying Assuming coal to have an average of 7 per cent 
boilers. moisture as received and the cost to be $2.50 per net ton, the cost 
per net ton of drying the coal will be 3 cents. At $5 per net ton 
COMPARISON ON AN EFFICIENCY Basis the cost of the drier coal will be 6 cents 
Labor. This item 1s the greatest variable in connection with the 
One of the most prominent engineers in this country, a member pulverizing of coal, due to the inereased output at can be ob 
of the Society, has stated that the combined boiler and furnace tamed in larger plat ts per man emploved. It is also subject to 
 atan 4} } . -4 . . 
eCHiclency by the month, aay in and day out, of a modern stoker- local rates of wages For example, assuming labor at 40 cents 
Sa . } . . 
fired power! p ant with the best average plant operatio is not pe r hour, a plant ot 100 tone daily capa itv, properly desig ed 
ABLI REPORT OF PRI MINARY TESTS MADE ON PULVI LED-FUEL | ANTS 
Kft 
at al 1) at Coal 3 i 1 \ 
Ay t s W at kwheat We 
LD) tha , 1 iN I is r 9 
D i ( K K 3 . 
Sa 18 ( K 9 K 78 
Ay 118 Par K ( K tuminous Ss 00 
Al 5 ) Pa K ( K iminous 8 ) 29 ) 
J 1s M W l Indiana sere = 39 ) 
‘ ) I ) Lvk \ >} buckwheat ant S , 
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and equipped, will require approximately 34 labor hours to pre- 
pare the fuel and deliver it to the conveyors, whereas in a plant 
having a daily eapacity of 1000 tons, approximately 115 labor 
hours are required. Therefore the labor cost would be 14 cents 
per net ton in a 100-ton plant, only 4 cents per net ton in a 1000- 
ton plant, and as low as 2!» cents per net ton in a plant of 5000 
tons daily capacity. 

Interest. 
investment, and the cost of the pulverized-coal plant and burning 
equipment will of course vary considerably with the conditions 
under which the plant is installed. 


The interest item is based on 6 per cent of the entire 


Roughly speaking, however, 
the actual investment will vary from $12.80 per kw. output in a 
5000-kw. plant down to $4.80 per kw. in a 50,000-kw. plant and 
$4.12 in a 100,000-kw. plant (assuming a turbo-generator water 
rate of 16 Ib. and continuous boiler and furnace efficiency of 75 
per cent). 

All these figures in relation to cost are based on the present 
high prices. The investment required for a 5000-kw. plant using 
100 tons of pulverized coal daily is approximately $64,000 and for 
a 50,000-kw. plant using 1000 tons of pulverized coal daily, ap 
proximately $240,000, so that, on a basis of 6 per cent and allow- 
ing for 365 days’ continuous operation, the interest item will vary 
from 10!5 cents per net ton in a 100-ton plant down to 3.9 cents 
per ton in a 1000-ton plant. 

Depreciation. Depreciation in a 
usually caleulated as follows: 


coal-pulverizing plant is 
The life of the building is consid- 
ered as 40 years, of the coal driers as 15 years and of the remainder 
With a 100-ton pulverized-coal 
plant and burning equipment the depreciation item will be ap- 
proximately 12 cents per net ton, and in a plant of 1000 tons daily 
capacity it will be approximately 4 cents per net ton. 

Taxes and Insurance. 


of the equipment as 20 years. 


Taxes and insurance are based on 2 per 
cent of the entire investment, and for a 100-ton plant this item is 
approximately 342 cents per ton and for a 1000-ton plant, 1.3 
cents per ton. Summarizing, the foregoing results show that the 
total cost of pulverizing and delivering pulverized coal to boilers 
in Table 1. 


is approximately as given in The cost of the pulveriz- 
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ing equipment complete compares favorably with the stoker equip 
ment when everything, such as coal- and ash-conveving machinery, 
ete., is taken into consideration, and in large plants it 1s consider- 
ably less. 


COST OF STOKER OPERATION 


The equipment required for a first-class stoker installation 1oust 
necessarily be taken into consideration when making a comparison 
of the costs of the different installations. 
is an item of expense which must be included with the cost ot 


The cost of pulverizing 


the fuel, and since it includes the complete handling of the coal, 
the expense of crushing, handling, power, repairs, maintenance, 
interest, taxes and insurance covering the stoker equipment must 
also be considered when making comparisons. 

Stoker installations and operation are expensive and the invest 
ment is as great, if not greater, than that required for a pulveriz 
ing equipment in plants of 10,000 kw. and upward. For exampl 
ina plant using 1000 tons in 24 hours the cost of operation will 
be approximately as follows: 

Power for stoker, 


2 per cent of the total boile hp deve 3 


Power for fans, 2 per cent of the boiler hp deve oped 1SoLow 
Coal handling. 100 kw. at °“, cent per kw-hr eee IS.) 
Labor for coal handling, 2 men per shift and hif ' 

a Re err irre 1.20 
Repairs for stokers at 30 cents per boiler | ye unl V0 
Repairs for coal-handling equipment LOM) 


Total 


Ee ee Pt ae 80.425 
To this must also be added the cost of fuel used to heat the mois 
ture in the coal, interest, depreciation, insurance and taxes, show 


ing that even on a basis of equal efficiency the cost of operating 


a pulverized coal equipment 1s considerably less than the 
operating an equivalent stoker installation. It 


eost of 


should be stated 


that the figures just given are based on present average results it 
both cases, 


DISCUSSION AT FUEL SESSION OF SPRING MEETING 


Hk Fuel Session of the Spring Meeting was held on the 
morning of Thursday, June 19, Vice-President John A. 
Stevens officiating as chairman. Three papers were pre- 


sented at this session: 


namely, Pulverized Coal as a Fuel, by N. 
C. Harrison; Pulverized Coal for Stationary Boilers, by Fred’k 
A. Scheffler and H. G. Barnhurst; and Economy of Certain 
Arizona Steam-Electric Power Plants Using Oil Fuel, by C. R. 
Weymouth. The latter paper, which was presented by title only, 
was published in MECHANICAL ENGINEERING for June, p. 523; the 
two papers on pulverized coal, which were jointly discussed, 
appear elsewhere in this issue. Extensive extracts from the dis- 
cussions of these papers immediately follow. 


Discussion of Papers on Pulverized Coal 


Tuomas A. Marsu’ (written). The writer would preface his 
discussion by the statement that the general proposition of tak- 
ing raw coal with all of its by-products and preparing it to the 
most expensive size (pulverized) and then burning still raw coal 
and losing the by-products, appears to be a move very much in 
the wrong direction. Pulverized coal has a field, no doubt; for 
instance, such fuels as lignites as cannot be burned on stokers. 
This field is limited, however, for chain grates are now developed 
to burn lignites containing 30 to 35 per cent moisture, which 
embraces practically all but those of the North Dakota field. 

Pulverized fuel is adaptable to certain processes as the cement 
process and certain metallurgical processes. In 
of its adaptability 


substantiation 
for steam boilers, however, the paper by 
Messrs. Scheffler and Barnhurst represents pulverized fuel at its 
7 
‘Chief Engineer, Green Engineering Co., Chicago, I 


Mem. Am.Soc.M.E 


best, hints at not a drawback or trouble, submits tests of four 


or five hours’ duration and evidently not made under the A. S 
M. E. code, and contrasts stokers of the most expensive type to 
operate as to power to drive and as to power for fans. If it is 
necessary to resort to such extremities to make a comparabl 
showing tor pulverized fuel, it cannot be saic that it is on a 


competitive basis with modern automatic stokers and furnaces 
The questions 
hope that the full answers thereto will provide faets on which to 


following discussion and are submitted in the 
base conclusions in accordance with the Society's past standards 

Reliability. Under the item of “ Reliability’ in the 
mentioned paper it is stated unqualifiedly that the mechanisms 
for pulverizing fuel are equally reliable with those ror erushing 
coal for stokers. 


above 


The extra equipment necessary for this exceed 
ingly elaborate preparation of the fuel is another link to the 
mechanism (and a high-speed one at that), and I think no engineet 
will agree that the combination of a crusher system and a pulveriz 
Even if this 
complex system were equally reliable as a erusher, which it is not, 
the station dependent on pulverized fuel would suffer shutdowns 
unless the crusher and pulverizer equipment were duplicated. Th 


ing system is as reliable as a stone crusher alone. 


writer understands that cement plants are usually equipped wit! 


duplicate pulverizing systems. This will all have a bearing o1 


investment charges. 

Further, it is stated in the paper that all grades of coal ean bi 
used. There are stokers which have limitations only on anthraeit 
or coke breeze and in this connection the question arises as to 
whether a pulverized-coal furnace and burner designed for, say, 
bituminous 35 volatile will burn anthracite or 
breeze. I ask this because in one of our other technical societies 
it is a that for 


per eent coke 


matter of reeent record burning low erade 
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anthracite or coke breeze in pulverized form, reversal ot the flame On the test of April 26, should not the percentage of rating be 
Is necessary, a firing method not suitable tor the richer bituminous vive! 
coals. It was also brought out that with coke breeze or anthracite The writer is surprised at the high calorific value of the slusl 
culm the fire was unresponsive and the load had to be varied to — anthracite in all tests reported, as it has the highest heat value 
suit the fire rather than the fire to suit the boiler load. What of any coal in the tabulation We should not confuse tl vit] 
occurs when a rich hieh-grade tuel is used in a furnace and burner low-grade anthracite, which contains less than 9000 B.t.u hie 
designed for low-grade fuels? fuel mentioned in the test of December 2, 1918, is evidently ! 
idaptability. Under this heading the authors state that the — correct, as it is difficult to imagine a coal containing 23.92 per cent 
primary teature is the possibility of burning all grades of fuel ash and 15,420 B.t.u. This diserepaney is concurrent with the 
without affecting the efficiency of the furnace. In order tor this  highest-rating test recorded, casting more or less doubt on th 
to be true, it is necessary to burn the 50 per cent ash coal with — entire test 
no more excess air than the 3 per cent ash coal and suffer no mor The complete data of temperatures. draft and CO. together 
ashpuit loss in the former case than in the latter The writer with methods of 1 easuring fuel and water. shoul hig ¢ 
theretore specifically asks if the 50 per cent ash coal requires in for these tests 
practice no more air than the 3 per cent ash coal When 50 Referring to the statement that a modern stoker-fired powe 
per eent asi coal ls used the sensible heat ol this amount of reluse pliant with the best average plant operation obtains an etheiens 
leaving the furnace chamber is in itself an item which will affeet of not better than 63 to 65 per cent. while carefully conduet 
the eflicieney of the furnace Can eiheiencies be independent of tests show 75 per cent efficiency, the writer suggests tl 
these items? The tests show wide variation in efficiencies. What authority for this statement be mentioned so that full e 
uses TU! Wide rations be vive his bye rue with s ) kee oe 
('} ! ire burning coals containing 35 per « ( etely automatic but denende1 —— e 
produ ome excellent results, and have bee ( With the chain-grate tvpe, however eg EE Ne 
vo ty ‘ rable Lar wit! his state I l 5 re e} ’ rl ep ’ operate \ hie 2 or 3 per « , 
il ! h-as tue tor the to subn ire ‘ tI ps rures w | ydern chair . ‘ _ , , p 
over 28.4 per cent ash, which is rather a low pere n excess of 75 per ce} ‘ a ee It | - 
pared cl rrate practice with westert \“ {' e of chair e perfor — a one} 
\ 0 ‘ t \ 1) erized coa ! writer ! ( ppronm er close . 3 vit ee efficiencies 4 
vhere ‘ irnace became unresponsive when ftoree Phere ductions to be made for fans or other auxijliarics The al 
cer o evidence in the paper to ndieate that the p CTIZE tor modern chat rate power stations mav be adduced to « , 
! burner uel responsive over a wide range mds; ll s fact 
he « ence 1s much to the eontrary. for o } est rhe authors have selects or their companson thos 
referred he maximum overload indicated is 18S per cent stokers with whic = wine , , to get high op 
whiel ot considert i high overlo In moder ns ciencies, whereas the comparison were made wit] ymmplete 
. a omatic stokers such as ¢] n grate he state ( ot the 
/ meee 4 ’ er this heading the tes u Table 2 ar operating advantage becomes void, as chain grate ire ¢ e} 
reterred t fests of four or five hours’ duration should not be more capable of reproducing test results di acne 
neludes n A. S. M. E. paper. Efficiencies 70 SO per hy nal: rized fuel furnace 
ce} re she here Starting and stopping cone ring Cost Pulverizina Coa FTautiaes. tea the of Dr Pie 
ot er i e boiler and other items are so uncer ke writer notes that all costs are based on « 7 nor 
hese sho ly inreliabl Under sin ons d vet ma - iiiad ; aaah , 
est ‘ (HM) per ¢ etherene in evel higl re jue! | . 7 per « On reat P ‘ } 7 4 
‘ moisture, particula west of Pittsburg! rures 1 
) ! yo e, & v1 vou quit st oO from 10 to 40 per < , \\ er cag no ; 
Am 16, 1917 Seattle, the heating le O vas f a 5 per cent pr - ; e Ba one 
etermin ) calorimeter or was it assume ire fore that the drving coal cost should be doubled 
10,000 simply suggests estimated figures Interest. Ae mentioned earlic e pulve en 
What great difference brought about the marke eu should be duplieated to prevent shutdowns, which would, 
clen vetween the December 4 and December 12 J ests course, ra the equipme . erest charges There 
(hat Ix r This wide difference is imeconsiste the mcel ties revardn ! ‘ Ss equipme! ) ot 
statement of uniton clencies, regardless of oper es, coal the plants mer ned are reporte o have cost sever es tl 
or other items figures quoted in the pape he writer would theretore i 
On the Januarv 28. 1918. test at Chanute, K of 25 days’ guard this figure by making it least three times sed by 
duration, were the water and coal weighed? Did the boiler operate the authors 
this long without the blow-off being opened, or if the boiler was Depreciation In figuring depreciation, everything should bi 
hlown down. how was the blow-off discharge measured? limited to 10 vears, inasmuch as we have all seen three or four 
Tests of April 26 and 28 at Parsons, Kan Some tests were complete changes in power-plant equipment in the last 30 ears 
. and are likely to see the same in the next 30 vears lo hnvure 


, ] 
made at this plant simply by measuring the coal in a spiral con 


_— 
/ 


. . that fy) ] tamane } line has ; sef) 

evor Was this done tT this instanee or were the coal and water aha re fuel pulverizu , _— ¥ a Use 
on ‘ Ss making ; tf strong eflort to show up pulverize fuel in a 

properly weighed? The writer has a record of other tests mad ,; = * * M Ong col , : ; : 

at this plant, as follows: favorable — ’ 14 

Che writer would therefore reealeulate Table 1 as given o1 he 


Combined Boils ind Furi Efficiency following page. 
making Is comparisol 


authors have again selected those tvpes of stokers which show 





O7.S highest ope rating costs at ad ¢: se the pulverized fuel insta lation 
7.4 to benefit bv contrast 
= = The power to drive some tvpes ot stokers mav be as rh as 
map ape 2 per cent. Chain grates require but 1/10 of 1 per cent Powe} 
for fans with those types of stokers requiring fans may be 2 pet 
These results indicate the possibility of low efficiencies on tests eent of the power developed Chain grates have no tans, so this 
with pulverized fuel. What, then, may we expect in daily opera- tem is eliminated. Coal handling would seem to be an item whiel 
tion? Why sho ill we pick only favorable tests tor comparative would eaneel out, as it sho ild eost no more to deliver coal te I 


ficures ? stoker honpers than to the pulverize? lLlows r. aeceenting ESE 
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TABLE 1 COST OF DELIVERING PULVERIZED FUEL TO BOILER 
100-ton plant, |1,000-ton plant, 
dollars per dollars per 
net ton net ton 
Power at 34 cent per kw-hr. and 17 kw-hr. per ton 0.1275 0.1275 
Labor at 50 cents per hour (40 cents too low 0.175 0.05 
Drier coal at $5 ton delivered (15% H:O 0.12 0.12 
Repairs (no data accept authors’) 0.07 0.07 
Potal cost of pulverizing per net ton $0.4925 $0. 3675 
Interest at 6 per cent. (Triple the investment 0.315 0.117 
Depreciation (10-yr. basis); Multiply authors’ | 
figures by 3 on 0.36 0.12 
Taxes and insurance (no data—accept authors’ 
figures 0.035 0.013 
$1. 2025 $0.6175 


iIn existing plants of 500 to 600 tons daily capacity this figure is reported to actually 


be $1 or more per ton, indicating that in actual practice and operation many incidental 


items of cost enter which are not shown in a theoretical estimate 


figures on the authors’ basis, we have as follows per 1000 tons of 
coal : 


Power for stokers, 1 hp. per 1000 developed; chain- 


grate practice, 20 cents per 1000 lb. of steam.......8 4.00 
Power for fans, standard chain-grate practice........ V0.0 
Coal-handling power (accept authors’ figures)...... 18.00 
Labor for coal handling (aecept authors’ figures).... 19.20 
Repairs for stokers (accept authors’ figures)........ 17.50 
Repairs for coal-handling equipment (accept authors’ 

NN Boar ah ies aad eet aioe WS Rah naa ee cases 10.00 


SOS.7O 


otal cost per net ton. . SO0.0687 


We have, therefore, an additional cost of from 55 cents to 
$1.13 per ton against the pulverized-fuel plant, a figure that 
cannot be made up by increased efficiency, for it must be realized 
that many stoker installations have given performances within 
5 per cent of the highest theoretically possible. 

Now as to some of the items not mentioned by Messrs, Scheffler 
and Barnhurst in their paper. 

Fine Ash. The writer understands that from 60 to 80 per cent 
of the ash carries over to lodge in tubes and combustion chambers, 
but mostly goes out of the chimney to scatter over the surrounding 
country. This may by comparison not be objectionable in a 
cement mill or in some of the localities mentioned in the list of 
installations, but it is evident that if the Commonwealth Edison 
Company of Chicago were to seatter fine ash from the 5000 or 
more tons of coal they burn daily, say 600 to 800 tons of ash, it 
would create a condition compared to which the worst smoke fog 
would seem like a paradise. 

Slag. Some installations have encountered trouble due to the 
fine ash slagging in the tubes. The writer would inquire how 
prevalent this is, how it is overcome or prevented and what in 
fluence high boiler ratings seem to exert on it. 

The refuse from pulverized-fuel firing contains some combusti- 
ble. It has been reported that the slag containing this combustible 
sauses damage to ashpits. Is this a serious item of maintenance? 

It is reported that pulverized fuel if stored will pack and be- 
come difficult to handle. Where the container is jarred or vibrated 
this action is reported to increase. How serious is this action? 
Does it interfere with the use of stored powdered coal? 
preclude its use on shipboard ? 


Does it 


Turning now to Mr. Harrison’s paper, the coals he states as 
most suitable seem to have (a) less than 10 per cent ash, (b) 
volatile 30 to 40 per cent, (c) low sulphur, and (d) high melting 
point of ash. 


This, of course, means a very choice bituminous 
coal. 


Such fuel commands a high price in any market, much 
higher per 1000 B.t.u. than the high-sulphur, high-ash fuels fre 
quently competing. For instance, there are in Illinois and In- 
diana coals containing 18 to 20 per cent ash, 3 per cent volatile, 
6 to 8 per cent sulphur, with the fusion point of ash at 1900 deg. 
The writer would inquire as to whether in the present state of the 
art this fuel could be commercially used to develop, say, 150 
per cent rating from a boiler by means of pulverization. 
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It seems to be a prevalent opinion that lignites cannot be burned 
on stokers. The writer would rectify this at once. Lignites and 
sub-bituminous coals are being burned and producing high ef- 
ficiencies and capacities. The following results of a few tests will 
substantiate this statement: 


Colo lex Mont Mont Mont M 

Fuel. . Lig Lig Sub Sub Sub- Sub- 

Bit Bit Bit Bit 
Moisture, per cent 293.73 | 29.93 90.73 |°15.28 , 2 
Volatile, per cent S55. 25 10 Yb +4 4.00 ; i yA 
Fixed carbon, per cent 53.93 | 95.45 9 50 38 07 1) 9] +00 
Ash, per cent 7.79 11.66 13.28 15.09 12.58 9 25 
B. t. u. (comm 8511 7124 8772 9118 rT) Q096 
B. t. u. (dry 11116 | 10314 | 11073 | 10763 144 
Type of stoker Green | Green | Green | Green | Gre Green 
Type of boiler B&W B&W) B&W B&KW BEW BAW 
Coal per sq. ft. per hr., lb 2S $2 28 9) 8 O06 1) 46 1 
Furnace draft, in 0.232 | 0.32 0.167 | 0.221 | 0.17 0.196 
CO: at damper, per cent 12 11.81 10.36 | 12.97 11.77 4 
Per cent. rating developed 128 145.8 | 209 1 S 5 09 
Combined efficiency, per cent 69.7 69 72 75 78 O04 


The ability to burn these coals is a development of the last few 
years, and has opened up a wonderful fuel field to chain grates. 
Some of these fuels contain as high as 30 per cent moisture, in 
which case the drying cost when pulverized tuel is used would be 
4 2/7 times those given in Table 1 and would make it necessary 
for the pulverized-fuel installation to obtain somewhere in the 
neighborhood of 100 per cent efliciency to be on a competitive 
basis. 

Moreover, these fuels do not at this time command a price any- 
where near $5 per ton, so that the cost of drying and pulverizing 
represents probably about 25 per cent of the fuel cost, a figure 
not to be regained by increased efficiency. 

Reference is made to the use otf 
mines, as at Lykens, Pa. 


the 


also 


low-grade refuse around 
Mr. Sheitler and Mr. Barnhurst 
refer to this same fact in their paper. The coals they mention, 
however, have calorific values not only tar beyond the average 
idea of culm piles (12,500 to 15,400 B.t.u.), but are good enough 
to be used to advertise the coal. Certainly no western fuels and 
few mid-western fuels will equal these supposedly refuse coals. 

It should be understood that when a chain-grate engineer reters 
to low-grade coal, he certainly has in mind fuel containing less 
than 9000 B.t.u., dry basis. No such fuels seem to be discussed 
even as refuse fuels in pulverized-fuel practice. 

Mr. Harrison bases his costs of pulverizing on pre-war labor 
prices (30 cents per hour for millers, 20 cents for firemen and 
common labor 
20-cent labor 


war coal prices (which is not consistent with 
, and 7 per cent moisture in the tuel. His figures 
doubled. For fuels the moisture 
percentage should be doubled, and for the real field as mentio’. od 


for labor should be average 


by the author at least quadrupled for coal with 30 to 35 per cent 
moisture. 
Referring now to (a) Stokers, the 


under Pulverized Coal vs. 


writer would inquire if a furnace suitable for lignite will handle 


anthracite. High overloads are spoken of freely and he would 
also inquire just what ratings have been sustained or even reached 
to confirm this. 

Stokers are criticised in (ec) as requiring 
overloads than pulverized-fuel burners. 


With 


mentioned in the average pulverized-fuel test, ratings ot 


more area for high 


Has this been proved to 


be commereially true? ehain grates and coals such as 


over 


250 per cent are sustained for long periods, and peaks swung for 


short periods beyond this rating. Have any pulverized-fuel in 
stallations so far equaled this? 
Referring to (e), the writer would state that not only is 


more easy to handle, but there is only about one-fourth of 


ash 
the 
This is on 
item of decreased cost that pulverized-fuel exponents seem loath 
to claim. We certainly must overcome this difficulty if we are to 
make pulverized-coal plants commercially successful, as our city 


usual amount, the remainder going out the chimney. 


and health ordinances will soon put the ban on this wide distribu- 
tion of fine ash. 
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The writer would correct item (f) to say that coal burned on 
stokers may contain from 1 to 


fired. 


pulverized coal picks up moisture when stored. 


35 per cent of tree moisture as 
As a point of interest, he would inquire as to how readily 


Under (d) in the following paragraph certain changes in the 


furnace are mentioned to suit various coals, also rather extensive 


changes in drying equipment. This is contrasted with stoker 


practice. The author presents as a favorable argument for pul 
verized-tuel burners that, with only a slight change in the furnace 
and some increased drying capacity, the equipment may be 
ehanged lrom one 


The 


or location is 


suitable tor anthracite to one suitable for lig 


what commercial tuel market 


What 


nite writer would inquire in 


this a valid benefit. market hoth 


recel]ves 


anthracite and lignite as steam coals? 


Referring to the comparison of costs given under the heading 
Pulverized Fuel vs. Mechanical Stokers, the writer would question 
the estimated figure of 32 cents and would state that since the 
installation had its acceptance test ten months ago, the costs 


should not be coneealed, but should be made part of the 
Table 1] 


that pulverizing cost would be 


paper 


Reference to in the complete paper would indicat 


(a! For pulverizing and 


drying 12 per cent moisture coal. 80.516 
(b) Lat (use 2 times tabulated cost)... OoON 


Maintenance (use author's estimate) 


As a 


tons daily 


matter ot tact, S00) 


existing installations of fron 


capacity, the cost of drying and pulver ne tuel is 


over $1 per tor This makes pulverized fuel prohibitive for 


steam-making p irposes 


Krom aii the rures presented, rood efficiencies mre nal 


SOTTIE 


eated wher } y rrade coals are burned (no tests are presented 


on low-gracd The advantage in efficiency, however, is 


sufficient to offset the the fuel, even 


increased cost of preparing 
on a basis of $5 fuel 


operate at a loss, 


This eauses the pulverized fuel burner to 


Fuel costs 


regardless of the eflicieney obtained 


will have to be irom 50 to 100 per eent higher hefore the in 


pulverizing will be justified, 


creased cost oft unless p 


and drying costs decrease materially. 


Further, no modern ratings are recorded in the paper; furnace 


and slag troubles are minimized: quick pickups of boiler load 
over a wide range of rating are not proved and seem very prob 
lematie: ash from chimnevs is at present a prohibitive feature in 
eities 

Frepk A. SCHEFFLER (written). I cannot agree with Mr. 
Harrison in his statement that when a boiler is being 1 with 
pulverized coal it is not neeessary to have more than 0.10 to 0.15 


} 


in. draft at the damp r of the boiler. and eo1 sequently the boiler 


could be operated with staeks about 30 to 35 ft. in height It is 
11 r 


a well-Know! act that it 


that the 


is necessary to have at least 0.10 in. in 


the furnace, and average water-tube boilers have a tne 


tional or draft loss through the boiler of about 0.30 in. when 


run 
at rating, and when run at 200 per cent of rating this draft loss 
is almost doubl . or 0.60 in Consequently, the stack would have 


to be at least 125 ft 


in height in order to be sure that there 1s 


frictional resistanee through th 


a suction of at least 0.10 in. im 


sufficient draft to overcome the 


boiler and allow the furnace 
W. N. 


open hearth 


Best’ (written). I should like to inquire how many 
in the U. 8S. that are successfully 


burning pul erized coal, and lor how long a period they 


urnaces there are 
have 
been operated 

The Boiler Test the A.S.M.E. 
to know of large power plants that are and have been 
fully 


Code Committee of would like 


suceess 
We 


have endeavored to locate such plants for some time in order to 


burning pulverized coal for a period of, say, 4 years. 


I am aware 
that many plants have experimented with pulverized coal in the 


examine same and secure some data for the Society. 


generating of steam, but results were very disappointing. 


Pres., W. N. Best, Inc., New York City 
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At the beginning of Mr. Harrison’s paper, he states: 
and the shortage in the supply of crude oils which have become 
T ink, 


has 


of too great value tor ordinary fuel purposes.” This, I th 


is misleading, for statistics prove that the production of oil 


never before been so great, and the demands for it never so great, 


as today. In Mexico alone there are many reservoirs as large as 
dreds 


lakes filled with crude oil awaiting transportation, and hu 


of wells are capped awaiting to be turned on to meet the demand. 


The inereased price ol coal and the hability of further increases 
in its price have compelled many boiler plants alo the 
Eastern Coast to change to oil as tuel, and many more contem 


plate changing soon The cost of oil is now ver 


boiler plants owing to the fact that it only requires 147 gal. of 
bituminous coal, the 
14,000 B.t.u. per Ib. 


and water-tend twelve 300-hp 


oil to represent a long ton (2240 lb.) of 
having a calorific value of One man can fire 
Oil is so attractive at 
Atlantie Coast that I believe 


it will only be a matter of a year or a year and a half until all 


boilers 


the present time as a fuel along the 


the larger power plants will use Mexican oil as a fuel in their 
boilers 
It is mv opinion from elose observation and study that the two 


distinet fields for pulverized coal are the furnaces of rotary kilns 
Both ot 


and there is practically no haba 


and copper matting ft these are 
that the building 


ity ol! 


Irnaces, eonstructer sO 


Is quite ope rn. 


explosions being caused by spontaneous combustior | 


believe the large quantities of poor coal and lignite that we have 
| 


In our country e¢an be suecesstully burned in combination with 
oul, the coal and henite reterred to being, of course, in the pu 
verized state By this combination practically perfect combus 
tion can be attained and maintained at all times, and this com 
bination could be of value owing to the low ealorifie value of the 
coal and henite, and the high ealorifie value of the o ( 
process of burning this combination of fuels would not be by 


mixing them together, but each fuel should be del 


to the turnaes 


W. G. 


bituminous coals are 


far as the 
think that the 


vulverizing, conveying, feeding and the first cost of the 
| ' 4 


DIMAN (written ). So 


coneerned, ] 


together with the fact that all rrades of fuel can be burne: vill 
a tolerable degree of smokelessness and eflicieneyv in the r vular 
stoker apparatus, will restrict the use of pulverized coal for 
boiler purposes to special cases. If low-grade waste coal can be 
utilized for pulverized fuel there is a great field for its uss 


There must be some limit, however, in the use of low-grade fuel, 
for the cost of grinding would eat up any advantage in the ecor 
omy Where low-grade fuels are high in ash and slate there 
should be a limit to the proportion that one can afford to ¢ d 
The use of high-ash coal will be bad. as it will accumulate rapidly 
and be difheult to remove, especially if it slags to anv extent 
This would oceur more where the ash deposits are within the limi 
i) the flame With anthracite, especially culm and of that 
ture, it might be difficult to pulverize and must be finely pi ! 
ized; it needs a higher temperature for combustion, burns mor 
slowly, and in certain boilers like a H. R. T. it would require 
plenty 0 brickwork and a lara combustio chamber to avoid 
the ¢] illing effeet and to maintain comb Isllol The best ‘ 0 


Se 1s one hich in volatile and low in ash. Such a coal would not 
be a very satisfactory one for outside storage in large quantities 
due to the likelihood of spontaneous combustior In order to 
successfully use the pulverized fuel, I am of the opinion that 
the best results can be obtained by designing the furnace and 
equipment to meet a specific grade of fuel. I do not think that 
the ave rage cost per ton for getting the coal from the car into 
the boiler is as low as stated ind if the overheas s also 


into consideration | wil} rut 


that 


Mr. Harrison's 
matters he 


Peasopy’~ (written). In paper | 
among other mentions three points 


important 
which oceur to me as particularly significant in the use of 


verized coal for boiler purposes: 


Supt 


\moskeag Mfg. Co 


Babcock 


of Power 
? Marine Dept., The 


Manchester, N. H 
& Wilson Co New 


Mem.Am.Soc.M 
York City 
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1 Very large furnace volume required, or, in other words, the 
fuel must be burned under conditions which imply a very 
low rate of combustion per cubie foot of furnace volume; 

2 The continual effort necessary to keep the boiler tubes, and, 
to a less degree, the furnace itself, free from slag and clinker 
caused by the refuse in the coal; and 

3 The very high, and apparently inaccurate, boiler eflicieney re- 
ported in the tests of August 12-13, 1918, which appears to 
he due to erediting the boiler with work done by the coal 
driers. 

If, as seems to me proper, the boiler efficiency is figured on the 
basis of the heat value of the dry fuel, the result should be 76.3 
instead of 85.2. The degree ot efficieney obtained in the drier 
itself would in no way affect the results obtained in the boiler in 
actually transferring the heat in the fuel to the steam. 

il fuel is undoubtedly superior to all others for boiler pur- 
poses. The furnace volume required for this fuel to give satis- 
factory results is about one-quarter the furnace volume specified 
in the paper for pulverized coal. 

The similarity of action in many features between oil fuel and 
pulverized coal appears to me to constitute one of the principal 
attractions of the latter. It would seem, however, that the large 
furnace, with its extra first cost and extra radiation loss, together 
with the difficulties due to slag and their effect on operation, 
would offset the desirability of pulverized coal to a very large 
extent. 


ALBERT A. Cary (written). To many who have not had ocea- 
sion to keep informed concerning the previous use and past ap 
plications ot powdered coal as a fuel, the idea seems to be preva 
lent that such fuel is a recent holding almost 
unlimited possibilities for all kinds of furnace applications and 


capable of easily and cheaply accomplishing phenomenal results. 


development, 


As a matter of fact, inventors have been struggling for almost 
a century to make powdered coal a practical and successful fuel. 

In 1831 an English patent Daws for a 
process tor burning powdered coal, and this was rapidly followed 
by a large number of patents relating to this subject in England, 
the United States, Germany and elsewhere. 

In 1881 a United States patent was issued to C. H. Palmer 
describing the means for feeding fine coal to a locomotive boiler 
with an air blast, while in 1870 Whelpley & Storer began to take 
out a series of patents for using pulverized coal in reverberatory 
metallurgical furnaces. In 
condueted by the 


Was issued to J. S. 


1876 an elaborate series of 
Bureau of Steam Engineering of the Navy 
Department under the direction of B. W. Isherwood—using the 
Whelpley & Storer pulverized-coal system applied to a steam 
boiler. 


tests was 


Thus we are able to understand that the preparation and use 
of pulverized coal fuel is by no means a recent development, and 
notwithstanding the considerable expenditure of money, effort 
and ingenuity by many inventors, including men whose past ex 
periences qualified them to carry on such work; most of these 
older productions have been scrapped so that today we have left 
merely the benefit of their varied experiences, which has, never- 
theless, proved a valuable source of information for the more 
recent developments in the preparation and use of pulverized 
coal. 

Turning now from this record to the more recent developments, 
it will require but little investigation to find that during the last 
decade (or even for a much shorter period) there have been many 
powdered-coal installations which have either been rejected or 
found to give poor satisfaction. 

After the presentation of such facts, | may be aceused of con- 
demning the use of pulverized fuel as a practical and efficient 
fuel. 

Qn the contrary, in the light of my experience and with the 
evidence presented by many satisfactory equipments now in oper- 
ation, [ am an unqualified advocate of the use of such fuel, but I 
must limit my endorsement to applications where a desirable 
grade of fuel is available—where proper preparation of the fuel 
and proper furnace conditions can be obtained and where other 


1Consulting M. E., New York City 
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methods for burning the available fuel are inferior—to accom- 
plish the desired heating. 

About 24 vears ago I was ealled upon to assist in the develop 
ment of a pulverized coal equipment for a cement plant, and 
since that time I have been called upon to test, investigate and 
design a number of pulverized coal equipments for cement kilns, 
boilers, metallurgical and other industrial furnaces and thus have 
had an opportunity to follow the development of this art 
the early days of its practical commercial adoption in this country. 


since 


PULVERIZED COAL IN CEMENT PLANTS 


Mr. Harrison has very properly given first place in his paper 
to the use of pulverized-coal fuel in the rotary kilns of our cement 


plants, as not only do we owe the present development of our 


pulverized coal equipments to the pioneer work done in their 
development at such plants, but the very form of these long, 
cylindrical, retractory-lined furnaces furnishes us with the ideal 


construction for thie fuel 
air-projected current of finely 


powdered fuel, giving it ample time to complete its combustion 


use of this torm and kind ot 
They permit the use of the long, 


while being held in suspension and without direct flame and ash 
impingement upon any impeding turnace wall 


The simplest form of burner and fuel-teeding device ean be 


used with such furnaces, and the ash resulting from the combus 


tion of this finely ground coal causes little or no trouble, provid 
ing the ash content and its quality remains nearly constant, as 


this ash drops down and mingles with the burned clinker without 


materially affecting the quality of the final 


produe 
PULVERIZED COA IN Meta URGICA kK NACES 
Next in order ot desirability in the wav of turnace design ton 
the use ot pulverized coal, we have oul reverberatorys metallurgical 


great length (100 to 150 ft.), such as are ised tor 


Lurnaces ot 


flame is projected trom the 


i 


copper smelting, where the 


tront 


toward the rear of these furnaces over the charge of ore on the 
hearth. 
Without the exceptional facilities fon 


resulting from the 


taking care ot the ash 
combustion of the pulverized coal as found in 


to he serious 


the rotary cement kilns, ash troubles proved a pretty 
matter with the early pulverized-coal installations applied to these 
furnaces about a dozen vears ago. 

The ash and blanket 
the ore charge and stuck to the interior of the thue outlets in a 
block 


troubles were finally 


fused formed a slag over the top ol 


wav to these passages ; but these and other associated 


overcome by stopping the infiltration ot 


large amounts ot cold alr, by stopping the practice oOo! charging 


large quantities of cold ore into the turnaee, V using a better 


design of burner and coal-feeding device, 


preparation of the pulverized coal. 


and ov a more careful 


$v these means a much higher temperature was maintained in 
the furnace, a very much higher ratio of charge to fuel used was 
obtained, and 


a better and more constant regulation was secured 


at the burner. Then pulverized coal began to be 


a most excellent reve rberatory fuel. 


re cognized as 


When pulverized coal was used as a fuel for shorter and smaller 
reverberatory furnaces and directly fired into their interiors, the 
above-named troubles were accentuated and due to the imperfeet 
absorption of the heat in these furnaces, the use of waste-heat 
efficient 
Accumulations of more or less fused ash piled up rapidly 
heating 


boilers generally became a necessity in order to obtain 


results. 


on the surface of these boilers necessitating frequent 


cleanings. Experience has shown that the reversing type of fur 
nace for the production of 


in Mr. 


furnace tor 


open-hearth steel, such as deseribed 


Harrison’s paper, is the 


that 


best design of pulverized-coal 
and baffle 


Checkerwork walls 


this fuel. 


above-deseribed rey 


purpose, must 
be specially designed for use of 
A modification of the erberatory furnace, 


consisting of an extension furnace in front of the 


chamber, so proportioned as to retain a large 


main lLurnace 


pereentage of the 
ash within this chamber. makes a highly efficient equipment. It 
requires a burner equipment permitting a close regulation of its 
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eoal and ai supply, and one which will produce a short, brus 
like flame close up to the burner, which means a very rapid com 
bustion and a lngh temperature in the combustion ehambe 

in some recet _— extension irnaces a large perce , 
ot he am separated from the body of the flame and droy 0 
a comparatively coot part o he chamber is a fine di 
mingled with but a small percentage of fused ash nodul ' 
ao not intertere with the easy removal of the retuse ro ‘ 
turnace bottom 

With other recent des ens of extension furnaces. wher os 


high temperatures are maintained at the burner outlet. the rapid 
fusing of the ash is expedited, which refuse drops to the sla pit 
below in a molten mass and under proper conditions } hye 


drawn off through holes trom the bottom of the extensior 


tap 
lburnace 


Such a design of extension furnace has been installed by th 


plant near Pittsburgh, in connection 


Lopuleo Companv i a <tee] 9 
with their heating turnaces, where it has given exeellent satisfac 
Lior 

\ TION TO STATIONARY BOILER PLANTS 


The application of pulverized-coal fuel to steam boiler furnaces 


meets with challenging difficulties, which, however, 
lopme nts 


any recent 


deve have done much to overcome. A numbe1 such 


installations are in use, some of which are showing very desirable 


economy and producing a material increase in the steaming capae 


IV oF the 


bowers 


Gireat care must be taken to prevent any ol 


coal from coming in with the chilling water-containing 


eontaet 


surtaces ot the boiler, which, therefore, demands the use of ar 


extensior irnace in which the complete combustion of tl 


is accomplished, and in which the proper handling of the fine asl 


(and its re slag is 


ting provided for 
All that has previously been said coneerning the requirements 
needed tor extension furnaces applied to short reverberatory 

furnaces apply with equal force here 
With the intense heat generated in burning pulverized coal, 
much trouble has been experienced in improperly designed boiler 
furnaces due to the rapid melting down of the refractor nings 
which may also be subjeeted to the scouring or euttine action of 


impinging ash, thus requiring frequent and expensive relining 


#” COMBUSTION OF PULVERIZED Co 


f 
/ 


Pulverized coal must be burned while suspended in the eurrent 
into the 


As the finely divided coal enters the highly-heated furnace, any 


ol alr which accompanies it 


lurnace 


moisture contained by each minute particle is first driven out, 


1 the 
particle and suppress its further rapid combustion, thus defeating 


and if this is excessive, it will form a steam cloud aroun¢ 
to a greater or less extent the purpose for which the coal was 
prepared. 

One of the necessities for supplying the furnace with very dry 
pulverized coal is thus appreciated. 

With little or no moisture present, the next effeet of the very 
high surrounding temperature in the furnace is to almost instant- 
ly distill off the volatile matte r occluded in the coal as this 


liberated at a 


vas is 


comparatively low temperature and thus, with 


properly designed furnace and burner, the dust cloud 
the eombustion 


entering 


chamber suddenly becomes thoroughly saturated 


with a highly inflammable gas, 


mixed with an ample supply of 
air. 

Under these conditions the gas is raised to its ignition tempera- 
ture with great rapidity, and the flame produced is propagated 
with intense speed throughout the atmosphere of fuel and air 
entering the furnace; all of which is simultaneously subjected to 
the same action. 

With the intense degree of heat thus generated, not only is the 
temperature of the maintained to stimulate further 
combustion, but the particles of fixed carbon (or flecks of coke) 
left behind, after the volatile gases have been driven out of the 
coal, have their temperature raised with great rapidity to their 


furnace 
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emperature 0 1 so at : 
behind the yn-eomb slo as wm 
be more or I effect l ; GR? gg 02) 2; 
; hace, or to ge e great trouble fury oa a 

aus been enored 

Mr. Harrison very tritely ites that “ The ; 

With the above ana sis of the proces f sombnntio - 
. e can more read nderstand the reason tor this tement 
Not only dow ne reat nereased Luel surtace presented to 
the highly heated interior of the furnace) facilitate the mor 
rapid dustilling off o ‘ ola e vases hut , " A : 

‘ partiet itseil rreatly reduced, the penetration of the hi 
ts interior takes place in a vei ich shorter period of time 
Aside trom these advantages the mportant tact stands out that 
the Law of Mass Action apples to such combustior which is 


0 the action ot DV which we na that the 


eXDIlOSIVeSs 


oft the reaction in a unit of time is proportional to the active mass 

or, In other words, the smaller the particle of coal, the smalle1 
e number ot gram molecules of combustible matter found j 

the unit mass 

~ Under these most lavorable conditions, the velocity of combus 

tion is greatly accelerated, which is the principal objeet striven 


for when pulverized coal is 


chosen tor a fuel 


A moment’s thought will reeall the tact that the volume of 
mass varies as the cube of its diameter and thus a particle « 
coal 1/100 in. in diameter has eight times the volume tl] is 
found in another particle that is 1/200 in. in diameter 

The effect of the decreased surface in proportion to the mass 
results In a very great retardation of the combustion of the larger 


particles as is verv plainly shown in the photographie study of 


Bulleti \ 
PLLLIe TIN UNO, 


entitled The Inflammahility ot 


e combustion of 


Mines, 


coal dust in 102 of the 


Illinois Coal Dusts or 


Plate IV. B and Plate V. B 

Uniformity in the size ot pulverized particles is als ery 
desirable, as we ean readil inderstand that if we have mixed a 
considerable percentage ol each ot the above named sizes of coa 
ted to our furnace, the combustion of the larger size will proceed 
iach slower than the burning of the smaller size, which cond 
tion not only reduces the velocity of comb istion of the to mass 
but it prevents the production of that “ gas-like flame whicl 


Mr. Harrison refers to 


When such grades of coal. ave raging trom 30 to 40 per eent of 
volatile matter, as deseribed above, are 


through a 


pulverized so that over 


90 per eent will 200 mesh sereen, the finer coal 


pass 


accompanving if does not seem to ma erially affect its even 


rap 4l 
further, as Mz 


pulverization, which i 


burning effeet in general furnace practice: and 


Harrison has stated, with this very fine 


sures rapid and high temperature combustion, the sulphur in the 


coal burns rapidly to SO. gas, which passes to the stack without 


affecting the product of the reverberatory furnace. 


When a coal, running high in fixed carbou, is used as pulverized 


fuel, we have a different and less desirable set of 


furnace con 
tions. 


Lacking the production of an ample supply of volatile com 


bustible gases given off by the coal at a comparatively low tem 


perature, and also lacking the heating effect which the burning of 
these rases produces, to hasten the combustion of the associated 


fixed carbon, we must necessarily maintain a higher furnace tem 


perature to ignite this fuel, and to obtain the best 
the coal should be 


possible results, 
ground finer, as it will be found that this fuel 


is slower to ignite. Mueh of such coal carries a higher ash content 


which still further complicates matters and lowers the 
of the coal. 


heat value 


Mr. Harrison gives a table purporting to give the cost of coal 
pulverized-coal system upon which these figures are based no 
question the reliability of these figures. Nothing is said of th 


pulverized-coal system upon which these figures are based nor 
the class of machinery or equipment included. 

There is a considerable range in cost of equipments as furnished 
by different concerns and the figures presented in this table appear 
low for the better class of equipment. 


Much depends upon the class of equipment one is willir 
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stall, which has much to do with results obtained including cost 
of future upkeep. 

There are many elements entering into the cost of such equip- 
ments. For example: should one be obliged to handle very wet 
coal in the coal dryers, the normal capacity of the drier would be 
reduced and either larger driers or more driers would be required 
to obtain a fixed amount of dried coal, which would also require 
a greater building space. 

Again, should one decide to grind the coal very fine to obtain 
maximum furnace results, the output capacity of the pulverizer 
would be materially reduced below that needed for coarser pulveri- 
zation and more or larger mills would be needed, and thus I might 
continue this list. 

Whereas, Mr. Harrison’s total cost for pulverizing 80 and 90 
tons of coal per day agrees pretty well with the cost estimate given 
in this table, his cost for producing 100 tons per day runs 21 
per cent higher than the figure shown in the table. 

In looking over the log of the boiler test quoted by Mr. Har- 
rison I note what appear to be a few discrepancies, but lacking 
full and complete data, I have been unable to check them up as 
carefully as I would otherwise do. 

Taking his analysis of furnace gases, he gives the maximum 
result obtained as 15.4 per cent of CO, and 5.6 per cent of C 
with no CO. 

This is consistent and possible. 

He then gives his minimum result obtained as 12.2 per cent ot 
CO, and 3.2 per cent of O with no CO; the sum of these gases 
giving 15.4 per cent with 84.6 per cent of N by difference. 

There is evidently some discrepancy here, as I do not see how 
i is possible to burn such a coal as he indicates so as to obtain 
such an analysis. 

The percentage of boiler efficiency given in this table as 85.22 
per cent seems entirely inconsistent and I cannot find sufficient 
indication contained in the other data submitted to assure me 
that the total losses in the performance of this test amounted to 
only 14.78 per cent. 

One very interesting question in connection with this test is, 
What means were used for accurately weighing the pulverized 
eoal used? As a matter of secondary importance I might also 
ask, What means were used for ascertaining the weight of water 
ted to the boiler? 


J. EK. MUHLFELD' (written). Mr. Harrison’s excellent paper 
reviews data that conform in general to my experience during 
the past few years in the development of systems for the more 
effective and economical utilization of coals and lignites in pulver- 
ized form, for stationary, locomotive and marine boilers, and for 
metallurgical and chemical heating furnaces, and the information 
that he has given will be of great assistance to existing and 
prospective users of this method of firmg and burning solid fuels. 

Until recently power-plant capacity and efficiency have been 
dependent upon combustion possibilities. Fortunately, this has 
now changed and the problem is in boiler design and construction. 

In the log of test on a pulverized-fuel-burning stationary boiler 
given by Mr. Harrison, the operating capacity deductions on ac- 
count of the power and other items necessary for the preparation 
of the coal in pulverized form should be 3.17 per cent, in place 
of 4.22 per cent, as used in arriving at the net efficiency. This 
figure of 3.17 per cent compares with the power necessary to 
operate mechanical stokers, and which, in an installation of this 
kind, would amount to from 21% to 5 per cent, varying with the 
boiler load carried. 

In connection with this log of test data it may be of interest 
to give the heat balance for the same 24-hour run, which is as 
given in Table 2. 

Furthermore, to show the definite control over stand-by losses 
by the use of the same pulverized-fuel system, at the same plant, 
the data in Table 3 are of interest. 

To further show the positive control over the combustion, the 
performance of one of these boilers in Table 4 is of interest. Dur- 
ing the 14-hour run, from 6 p. m., February 1, to 10 a. m., Feb- 





ruary 2, for which period the boiler was sealed and operated at 
1V. P., Ry. and Industrial Engrs., Inc., New York: Mem. Am. Soc. M. E. 
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TABLE 2 HEAT BALANCE FOR BOILER TEST IN TABLE 3 OF MR. 
HARRISON'S PAPER 
Ultimate analysis of pulverized Indiana and Illinois screenings as fired in 
percentages; 
1 Moisture “) 
2 Carbon bb 
Hydrogen 14 
t Oxygen 19.77 
9 Sulphur 97 
6 Nitrogen 5 
7 Ash ° iS 
1.00 
he distribution of the « slorific value of one pound of yal ot 
several items of heat utilized and lost is as follows 
B.t I 
Heat absorbed by boiler 9 ‘ 
Loss due to ev poration DV moisture in ral 
Loss due to heat carried away b um ned t 
hydrogen 19 
Loss due to heat carried away in dry fl ‘ } 
Loss due to carbon monoxid 0 
Loss due to combustible in ash ind r 
Losses due to heating m i i ved 1 
earbon, radiation and unaccounted f 
Calorifie val as fired ”) 
PABLE SHOWING CONTROL OVER STAND-BY LOSS 
Date Aug t S-14 41S 
Boiler No. 5 hide Moor Rated 
a I 
Fuel feed shut off, uptake damper closed and auxiliar 
closed 0 
Boiler steam outlet to header closed and 175 Ib. stea 
Safety valves released about one minute at the following | } 
10.08, 10.15, 10.25, 10.38, 10.43, 10.52, 11.02, 1 9 Ss ‘ . ‘ 
11.52 
Steam on boiler 155 lb. when fuel feed started and boiler stear 
outlet to header opened 700 
Drop of steam pressure in boiler, from 9 p.m. until 7 a.m 
during 10 hours while fuel feed was off and during w! 
time safety valves popped 15 times, for one te ea 
or a total of about 15 minutes. | 
rime required to bring boiler from 155 to 175 Ib nutes 


TABLE 4 SHOWING POSITIVE CONTROL OVER COMBUSTION 
Date lime Co ‘) co 
5.00 p.n OO 6.00 
6 } 
6.30 p.n 13.0 6. 
February 1, 1919 13.8 
14.2 2 
14.4 
| 14.6 } | 
8.00 p.m 14.8 1 ¢ 
February 2, 1919 | 10.00 a.m 13.0 50 


about 150 per cent rating, it will be noted that there was a change 
of only 0.2 per cent in CO, and 0.4 per cent in O,, and no slag 
was produced. 

Observations made of the stack from the outside of the power 
plant building, when operating the pulverized-fuel and the stoker- 
equipped boilers in combination and independently have also 
demonstrated that no smoke was produced from the pulverized 
fuel-fired boilers. 

The four pulverized-fuel-equipped boilers at this plant were 
cut in on the main line over 90 per cent of the time during the 
months of February and March, 1919, and when line banked no 
fuel was required. 

Referring to various information as set forth in Mr. Harrison’s 
paper, I would like to point out the following: 

I can hardly agree with Mr. Harrison that the equipment for 
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preparing pulverized coal has been developed past the experi- 
mental stage. There is still considerable to be done in this diree- 
tion, particularly with respect to the elimination of the reabsorp- 
tion ol which 
or pulverized-fuel bins and the conse 
quential trouble that it causes. 


moisture and of entrained moisture, results in 
condensation in the dry 
The type and operation of drier 
and pulverizer has a great deal to do with these factors, and ex 
perience has demonstrated that certain fuels require special treat 
ment in that regard or trouble is bound to oceur. 

Krom my experience, when pulverized fuel is used for steam 
generation the detrimental effect from the ash and sulphur con 
tent is mil, regardless as to the melting point of the former 

The economic use of coke breeze is at this time problematieal, 
as the 


expense of preparing the fuel will, in a large number of 


cases, offset the fuel value of this by-product. A study should 


be made of each specific application before the use of coke breez 
Is gone 


into. 


the full thermal value of anthracite silt has 


heen developed to a point where there are no commercial obstacles 


The utilization of 


in its way, and this in itself will release an equivalent amount of 


commereial size of coal. The shipment of silt to a considerabl 


} 


distanee trom the mines, however, may not be economical, but the 


power consumption by the mining and nearby industries is sul 


ficient for the full utilization of this by-product, which should 


make it unnecessary to ship the silt to other points 


The author’s specifie statement as to how the coal should be 


pulverized is not in conformity with my experience on this sub 
ject, as the degree of fineness should vary with the character of 


the fuel The 


strated that 


results of careful analyses and tests have 


and 


daemon 


this degree of fineness for effective economical 


set down, as it varies with the vol: 
fuel hi: 
pulverizing tmereases with the 


use cannot be arbitrarily 


combustion characteristies of the 


content and the 
Commercially the expense ot 


degree of fineness, and eonsequently the coarser the particles o 
the fuel the less the 


process, for 


chargeable against the pulverizing 


cost 
which reason it is advantageous to use coarse pulver 


ization whenever the character of the fuel is such that this 1s 


feasible. 


‘ 


From mv experience the author’s tabulated costs for pulveri 
misleading, as the cost for 


While the 


standpoint, it 


are somewhat preparation will vary 


over wide ranges imformation as set forth is 


from a general must he used with care 


reason that it is not susceptible to specific adaptatior . 


In the ease of oper hearth practice the system to be used for 
degree ot fineness 


burning the pulverized fuel determines the 


method of will, of 
method 


systems in which the time limit 


The hich-velocity burning, such as deseribed, 


course, require mueh finer grinding than a low-velocity 


such as obtains with other is in 
ereased, thereby permitting combustion to take place more slowly 
with the same thermal results. 

the length of from 6 to 8 ft 


decreased. 


By using a low-velocityv flame 


mentioned by the author ean be 
Some of the steel companies have reduced their pulverized-coal 
per ton of output to a little less than 450 lb 
of 500 Tbh. as given in the paper. 


consumptior instead 

It has been found in operating practice that pulverized-fuel- 
burning furnaces, under the best svstem of combustion, can be 
reduced to a little less than 1 eu. ft. of volume per b.hp. de- 
veloped, and that the rating can be inereased up to the capacity 
of the furnace to keep the lower tubes of the boiler free from 
honeyeomb and still maintain effective combustion below the 
boiler-tube line. 

The best system of combustion necessitates 
1 Proper preparation of the fuel 
2 Effective means for feeding 
3 Furnace properly designed and equipped with auxiliary air 

supply to insure a distinct hot zone and a distinct cold zone, 
and gas areas and baffles and draft codrdinating with the 
foregoing. 

The pressure at which pulverized fuel can be admitted to the 
furnace has been found, in service practice, to be not more than 
plus 0.05 in. of water at the burner nozzle. 

In my opinion a boiler cannot be successfully operated at any 
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capacity with the natural draft obtained with a 30- to 35-ft stack, 
the that the 
through boiler 


reason 
the the gas areas produced by the 
baffles, will reduce the draft, due to this low height. When oper 
ating at full capacity about 0.10 in. of water draft in th 
plus the friction losses through the boiler setting. is the 
under which 


being friction losses of the gases passing 


tubes, and 


furnace, 
minimum 
any pulverized-fuel boiler should be 
Anything less than this will limit the factor of regula 


will tend to 


installation 
operated. 


tion and 


cause constriction of heat to the lturnace 
chamber and result in slag, which latter, in al! eases. is to be 
avoided. Any pulverized-fuel-burning 


installation, In combina 


tion with a steam generator, in which the formation of slag is 
of any considerable consequence, can be taken as a failure from 
the standpoint of effective and economical results 

Under proper combustion eonditions the use ot 1 ind-lanee 
steam jet to clean the botton tubes as recommendes es) the 
author is unnecessary The top of the tubes snou Oo ‘ 


be kept tree trom the accumulation of ash. which acts a in 
sulator and which tends to ear? the hea ! ! asl ses 
through the boiler to the sta k 

While any ash accumulation in the bottom of the ace 
should be periodically removed, at he same me wit roper 
design ot hot-zone and cold-zone furnace any ordinary accumula 
tion should not convert into slag 


In comparing pulve rized equipment with stoke 


states that 


equipment, the 
author 


considerably less exeess air is 


requires 


the former. The amount of air injected with the fuel into the 


furnace, however. should be a neglicible percentage o! that re 
quired for combustion, the only function of that air 


In tl 


hye ing a Corl 


veyving and commingling medium e Edge Moor installatior 


to which the author refers, the percentage of air entering with 
the fuel is about 115 per cent of that necessary for comb stion, 
the remaining 9S! » per cent being induced by the stacl 

i Mr. Mul Ifeld supplemented the roregvoing discussion and eom 
ment upon Mr. Harrison’s paper with data upon performanes 
of pulverized-fuel equipment in locomotive and n arine practice, 
which constitute a most acceptable addition o his paper on Pul 
verized Fuel for Locomotives, given at the annual meetir g, De 
cembe r 1916, and DD iblished in Vol 38 of ¥ ANSACTIONS Space 
does not permit the publication of these in this issue, but it is 
hoped to present them later EpIrror 

| WIN Li NDGREN, who ope! ed the oral qaiscussion, called 
attention to the large combustion space specified in Mr. Harri 


son's paper for a boiler burning pulverized fuel as compared to 


to be one rated 


matter of dratt, he 


a stoker-fired boiler, especially when the 
SO) 
Mr. 


consideration in specifying but 


boiler was 


al, say, 
thought 


per cent of rating. In the 
taken the resistance of the boiler 
0.15 ! For the 
ordinary type of boiler a draft of about 0.15 in 
L100 per cent rating, which increased to about 0.7 in. 
A stack 100 ft. high would give 
a height of 35 ft. 
As to the low efficiency 


plants mentioned in the paper by 


Harrison had not 
into 0.10 to 
was required at 
for 300 per 
draft 


cent. rating. about 0.6 in 


so that was out of the question 
eent) of stoke r-fi d 


Schefiler 


(63 to 65 per 
Messrs. 


hurst, he would cite the Detroit Edison plant where an average 


and Barn 


efficiency of 76 per cent was maintained throughout the year, 
and where Dr. Jacobus’ series of 24-hour tests showed efficiencies 
Also, the Cineimnati Gas & Eleetrie Co 


about 80 


ot SO per cent or better. 
maintained a combined boiler and furnace efficiency of 
per cent in their plant constructed to maintain 365 per cent maxi- 
mum capacity and 300 per cent continuous capacity 

There was no question but what 


pulverized-fuel equipment 


would be useful in burning some of the cheaper grades of fuel, 
like some of the western fuels, for which it seemed no real type 
of stoker had been designed. He did not believe, however, that 
it would be 


one reason beeause the pulverized-fuel-equipment buildings, to 


generally applied to modern central stations, for 


judge from the slides shown, appeared to be about as large as 
power stations. 


Chief Engineer, Stoker Dept., Westinghouse Elec. & Mfg. Co., Bast Pitts 


burgh, Pa 
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C. F. Hirsurevp’ said that in modern boiler plants the chief 
losses were due to carbon in the ash and to heat eseaping up the 
stack. The Detroit Edison Co. operated under good conditions 
with 10 per cent of carbon in the ash, or a very small per cent 
of the fuel originally fired, and with but 10 to 12 per cent of 
excess air. If use of powde red fuel would make it possible to 
burn all the carbon in the coal—which was contrary to his experi- 
ence—and with no greater amount of excess air, the saving et- 
fected would still be of little consequence. He believed in using 
powdered coal where conditions were such that it was distinetly 
economical to do so, but these did not obtain at the Detroit plant. 
In his opinion there was a greater chance for improvement in the 
turbine end of the plant than in the boiler room. 

As to greater uniformity of flame and temperature, which con- 
dueed to larger life of the furnace lining, he believed that the 
advantage was with the stoker with its smooth bed of incandescent 
fuel. While powdered fuel might be more adaptable when a 
wider range of fuels was available, the stoker was just as adapta- 
ble so far as the art had developed. 

In the paper by Messrs. Scheffler and Barnhurst, the power for 
operating a stoker was stated to be 2 per cent of the total boiler 
hp. In the Detroit Edison Co.’s plant, however, it was much less 
than 1 per cent with the boilers operated at 200 per cent of rating. 


H. Wave Hipparp* said that in a larger plant he had in mind 
an increased efficiency resulted from adding moisture to coal that 
had dried out too much before it reached the stokers. He there- 
fore asked whether drying was necessary in order that the coal 
might be thoroughly pulverized, and also whether there had been 
any experiments performed in introducing steam along with the 
powdered coal. Affirmative replies were respectively made to 
these queries by Messrs. Scheffler and Barnhurst, the latter adding 
that he did not know whether the introduction of moisture had 
increased the efficieney. 


P. A. PoppENHAUSEN,’ referring to a statement made by Mr. 
Lundgren, said that his company had successfully adapted the 
chain-grate stoker to the burning of lignites of all grades and 
containing as high as 30 per cent of moisture, and that 24-hour 
tests had shown efficiencies of from 76 to 78 per cent. The power 
to operate a stoker was insignificant—less than 0.5 hp. per unit, 
whether a 200-hp. or a 600-hp. unit. He thought Mr. Scheffler’s 
figure of $64,000 low for the cost of a pulverizing plant of 100 
tons daily capacity, and asked how large a plant should be in 
order that this cost would not be prohibitive. 


JoHN VAN Brunt,’ calling attention to Mr. Harrison's refer- 
ence to coke breeze, said he could state that over 75,000 hp. of 
boilers equipped with traveling-grate stokers were now satisfac- 
torily operating on this waste fuel in the large steel plants and 
gas works of the country. 


Gitpert A. YounG*® spoke of successful experimental work 
carried on for the past two years at Purdue University on a fur- 
nace for burning erushed, undried coal containing as high as 20 
per cent moisture. The particles after crushing ranged from the 
size of a match head down to powder passing a 200-mesh screen. 
He hoped to submit a paper later giving comparative tests of the 
crushed-coal furnace and several types of stokers, all operating 
under the same conditions. 


W. P. Frey’ said that his company burned 1,000,000 tons of 
coal a year for steam and electric power, and that he was inter- 
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ested in pulverized tuel as a possible means of utilizing 


the twenty 
odd million tons of small coal lving on the ground in the anthra 
cite regions. But as it was said to take twice as much power to 
pulverize anthracite as bituminous coal, and as the minnnum wage 
for the anthracite union laborer was 43 cents per hour, this would 
make the cost ot pulverizing the $1 coal in question about 75 
cents, and he did not see how pulverizing would make up tor this 
enormous difference. Firing a boiler at a high rating with anthra 
cite required far more draft at the damper than the 0.10 to 0.15 
in. mentioned in Mr. Harrison’s paper, and in consequence stacks 
much higher than 40 tt. The fire-brick problem was a very im 
portant one, and he would be obliged if Mr. Scheffler or Mh 
Barnhurst would give specifications for bricks that in the long 
run would stand the steady temperature of over 3000 deg. that 
they would have with their low supply of air, unless they reduced 
the temperature in the combustion chamber. 


C. W. Lorz, in reply to Mr. Frey, said that in his experimental 
plant the cost of pulverizing anthracite was but 33 instead of 7) 
cents a ton. They were also burning coke breeze efficiently. As 
to stack heights, it was to be remembered that the furnace itselt 
acts as a big stack and drives the gases up through the first pass 
of the boiler. 


W. L. Woruersproon * told of tests he had made some ten years 
ago in South Africa on a Bettington boiler fired with pulverized 
fuel and a B. & W. boiler with a chain-grate stoker. Both boilers 
were 1000-hp. units and the efficiencies obtained were practically 
equal. There were low-grade tuels (9500 B.t.u. and less) avail 


able in the Transvaal, and the results obtained with pulverized 
fuel were such that the plant was still in operation. 

Lately he had been paying attention to the use of powdered 
coal where the combustion took place under pressure—for the 
generation of heat in a blast furnace smelting nickel ores. On 


] 


a continuous 18-day run it had been found possible to replae 


50 per cent ot the coke used, which cost twice as much as 
bituminous coal. At the Tennessee Copper Co.’s smelter he had 
not only been able to replace all the coke with powdered coal, but 
to actually do the smelting with 25 per cent less fuel. Even bet 

ter results were shortly to be expected. Their pre-war cost for 
drying and pulverizing was 40 cents per ton. Now it was prac 

tically double that figure. 

The impression prevailed in the United States that the serew 
feed was necessary, but in Canada he had experimented and found 
that by using compressed air at 70 lb. pressure, 2! tons could be 
transmitted in 5 min. through a 3-in. pipe over a horizontal dis 
tance of 1200 ft. and then elevated 60 ft. This method might 
prove available for the use of a central pulverizing plant supply- 
ing small, isolated power plants through an underground pips 
line. 


W. E. Synyper® felt that while pulverized coal was an ideal 
fuel in the cement plant, there were, nevertheless, many problems 
to be solved in regard to its use in steel furnaces and under boil 
ers. The best modern stoker-fired plants showed very high effi 
ciencies, and with the same expenditure of intelligence the pul 
verized-coal plant might be brought to equal them. 

He had experienced difficulty in obtaining definite facets regard 
ing performances of pulverized-fuel installations, and was skep 
tical as to the accuracy obtained in measuring the coal by obser 
ing the revolutions of the feed screw, for it did not always give 
the same quantity per revolution. Apropos of accurate measure 
ments, Mr. Snyder caused considerable amusement by telling of 
the man in charge of a small power plant who had succeeded 1 
overcoming troubles he had experienced with a venturi mete! 
by merely boring out the narrow part! 

Narrowing down the comparison of the two methods of getting 
coal into the boiler furnace, he said, it resolved itself into a very 
simple matter of reducing waste in the ashpit and up the stack, 

1 Pottsville, Pa. 

2Consulting Metallurgist, International Nickel Co., New York. 
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and and maintenance of the means 


the tuel 


a possible saving in repairs 


( mploved to handl 


Vv) RNER eave estimates that had been pre pared covering 
the eomparatl ( 
Ford Motor ( 


with stoker fuel. Th 


costs ol ope rating six 2400-hp. boulers at the 
ompany’s blast-furnace plant with pulverized { 


and e estimated cost tor the pulverizer equip 


, " 
ment and building 


rs was $691,000 and for a corresponding stoker 


plant +475,000 rhe cost of pulverizing per ton, including fixed 
charg power, maintenance, lubricants, ete and labor (at #8 
per da was 50.460; for transmission trom pulverizing building 
to boiler roo $0.25; and for boiler room, $1.13; or a total of 
$2. 14 For a corresponding stoker plant the figures were: for 
transmission trom breaker building, $0.24; boiler room, $1.66: 
otal, $1.90 For a plant with twelve 2400-hp. boilers the total 


or the pulverized-coal installation was $1.63, and for the stoker 


$) These 


elrenev of the 


figures, in connection with the hiche 


int, indieated for 


pulverized-fuel pl: 
ove! the stoker plat t 
ot 


point in favor pulverized-fuel plants was 


that the stand-b losses were reduced to a minimum as co pared 
with stoke lations, where the fires had to be banked « I 
he shutdown periods. An additional reason for installing the 
orme! vas that blast-furnace gas would be available for Ist 
nder tl! Doers ane n quantity sufficient to earrvy the bent Tt 

\ ~ ~ ‘ } nea ‘ ! tter o “tans ) eS 


hrouc! 


mportant 


lan: clones running on one shitt of 9 hours a day. the star hy 
coal required in the best | d-fired plants ranged fro 2) 23 
er ¢ he dai consumption his, of course, deere 

th more shitts, or with continuous runs of. sav, 72 hours, as 

pat ! Wit toker-tired boilers there was a_ loss 

! O or} ip to washing-up time—usua 0} 

eS betes he a cr our and also when burning 
coal on the rates and then rejecting it. The elimination of 
on-produetive fuel in shop power plants was also claimed as 
ulvantage by the advocates of oil fuel or the purchase of powe1 
from central stations A prominent engineer had told him that 
-*4 per cent of unconsumed carbon passes out of the stacks of 
these large stations, and to obviate this he trusted that an effective 

separator would short bye developed 

R. SANFO t said that the papers and discussion weré 
aluable in directing attention to the problem involv ill 
MmMHuUstio he e¢arburization o ur The final questio l ra 

r the ve stems ot burning tuel inder consideratior Wi \\ ! 
is e better carburizer, and he felt that in the lor rut ( 
mpler apparatus would win out 

Epwarp N | M spoke ot experiments he had mad about 
) years ago in burning powdered fuel under a 300-hp. B. & W. 
boiler he furnace used had too small a combnstion chamber, 
ind the ash ace imulated and blocked the passages between the 
ibes in less than a week. This ash had taken up tar from the 


ombustion 


ifficeult 


products and elung to the tubes, and it 
off. 


proved Vé ry 
that 


Mr. 


care 


to serape It was important, therefore, to se 
chamber was large enough, and, as noted in 
paper, that the 


lly and frequently blow: 


e combustior 


Harrison’s boiler tubes and surfaces wer 


H. G 


vere 


BARNHI RST, in closing the oral discussion, said that there 
certain arguments in favor of pulverized coal for certain 
walities and for certain grades of fuel which could hardly be 
vercome by any other method of burning. One point which had 


ot been brought out was the fact that by pulverizing coal and 


irning it in a turnace the boiler installation was made entirely 


dependent of any particular quality of fuel. In the course of 


xperimenting his company had burned coal with low as 2 


as 
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per eent ol 


ana p 0 } ? 

tent running as high as 51 per cent , 0 si he ’ 
centage of ash did not affect or inte ! vith CO 
conditions. Mr. Trump’s main troubles, he ( re d 
only to the Snail COmpDuUSsLIO! echambel ised. Du ‘ m to th 
that his coal was no hnely pulverizec H ‘ 
emphasize the tact that the coal must b ilverize ‘ } 
degree Of fineness } rder to we ood resu O OI 
(re? ll Ol particles 0 he ¢ ryie ie? I} S nee ‘ } 
Lt CA POSE ) ( iho 700 5s ovel 

n the torm ¢ Ups, nd made } ery } eh ¢ el » efter 
which could not be handled on stokers 

As to the volume of a furnace per pound ot co urns , 
minute, he would not e¢are to assign any parti ! 
all combustion chambers had different s} apes The ess ea 
ture was low velo Vy ol he wast 0 he mre wea e Pp 

t high temperatures nd it subjyectec t} etio ) raise t 
a hich velocity. the inder rows of ning wo YT ‘ roves 

he questior ol Irnace rebvri was, Ol eourse, very mpor 
tant und e ftighe he vrace sed tl hnetter mila be ‘ ( 
sults Ihe is} ay ilatio } hy tom o } h 
turther refinements 1 I be eared tor by 1 al oO 
hat it would not b ( ) the tur ce al ter ! with ‘ 
operator Ihe “asl i ou ot hy el ( 

ow being recovered to Cel xt ‘ Ce! 

field tor recovet r not or ron erized-eoa re I 
ees, DU ilso from ste read I a ven peres re 
of ash fron , sto itions e} ree ra 

ons rose erv } 


Discussion of Mr. Weymouth’s Paper on Arizona 


Power Plants Using Oil Fuel 


Mr. Weymouth’s paper treated of the performances of three 
steam-eleetrie power plants situated in Arizona where load factor 
and high fuel cost demand economical operation These plants 
re those of the Inspiration Consolidated Coy r Company: the 


opper (C‘ompanv: and the \rizona 


pany Tables and eurves of operating characteristies were given 
in Mr. Wevymouth’s paper and some of the « ‘ es en ntered 
! practice were iso ¢ el 4 

C.H. D writter The P G ectric | 
pany Is Operating il sSacrame 0 ( oO mur? O 1 ? 
whiel S$ Similar in some respects ) ht } - sel1ss 
Mr. Wevmouth’'s paper This p s b n 1917 re 5 
equipped with one 5000-kw. Curtiss turbine. Stirling boilers, Pea 
bodv-Hammel oil furnaces, and a surface condenser vater 
from the Sacramento River. This plar vas «le d r 175 
pressure and 100 deg. superheat at the turbme throttle, and is 


therefore similar in this respect to the Inspira Copper ( 
lant. The plant, however, being essentially a standby plar 
| | 


ot equipped with eeonomizers, steel casings for the boilers. 


automatic fuel-oil regulators 


In comparing the operation of different steam plants operat 
ing at variable loads, it is convenient to plot on a diagram the 
kilowatt-hours generated against the total oil burned. eae} point 
plotted representing the average results of a month or a day 


as the case different 


them repre 


may be. If a sufficient number of points at 
through 
CUSes 15 
Such a diagram for the 
Fig. 1, and to it ha 


added points taken from Mr. Weymouth’s paper tor the three 


loads is obtained, it is possible to draw a line 


senting their average, and this line in most found to be 


practically a straight line. Sacramento 


station for the vear 1918 is given in ve beer 


Arizona plants. The points for th Inspiration Copper Co.'s 
plant are sufficiently numerous to enable the line AC to be 
drawn through them, corresponding to the line AB for the Sa 
ramento plant. It will be noted that these two lines mtersect 


the ordinate of 


about the same quantity of oil 


at almost the sam« indicating 


point, 1, 


(that is, in the neighborhood of 


I’ f Gas & Electr ‘ San Frat ( M \ S MI 
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25 or 30 bbl. per day) required to operate either plant at no load. 
There are not sufficient points to enable a similar line to be 
drawn for either the New Cornelia Copper Co. or the Arizona 
Power Co. plants. However, assuming the point A for zero load 
to be the same as for the Inspiration Copper Co., the line AD has 
been drawn as an approximate average for these two plants. 
This diagram brings out more clearly than a inere statement 
of the kilowatt-hours per barrel of oil, though perhaps somewhat 
crudely, the essential differences between the various plants. 


, + . . at 








ne & Flertr Sacra mer D 
YY sal v0 ore 
12 4 nnerCo Plant 7 
‘ a a 
ont 





6 B80 100 120 140 oO 0 2 
Thousand Kw-tr per Da 
Fic. 1 Dracram SHow1nc RELATION BETWEEN BARRELS OF OIL 
BURNED PER DAY AND KirowattT-Hours GENERATED 


Thus a comparison of the lines AD) and AC shows at a glance 
the effect of the higher steam pressure, higher superheat and 
better vacuum earried at the New Cornelia Copper and Arizona 
Power Companies’ plants. The line AC compared with the line 
AB shows the economy resulting from the use of economizers, 
steel casings, fuel-oil regulators, and other minor differences such 
as the greater age and smaller size of the 
Sacramento plant. 


turbine in the 


W. W. Jourprn’ (written). Referring to the fourth paragraph 
of the paper, the Inspiration power plant is equipped with 
engine-driven circulating units and barometric hotwell, with 
sealed sump and lift pumps located on a hillside at a sufficient 
distanee below the condensers to secure positive drainage of the 
condensate therefrom. 

The high-pressure cylinders of the blowing engines are being 
replaced with poppet-valved cylinders good for 250 lb. pressure, 
and all new equipment, including boilers recently installed, is de- 
signed for the higher pressure. However, until such time as the 
original boilers may be disposed of, a maximum of only 200 Ib. 
pressure will be available at the throttles. 

The cooling tower was not put into service until November 1918, 
therefore the plant operated under the handicap of poor vacuum, 
due to insufficient cooling capacity, throughout the period covered 
by the eurves given by the author in his Fig. 3. 

Figs. 1 and 2 do not represent present practice—in fact, there 
has been a very considerable departure in numerous operating 
features from the original instructions, although these in prinei- 
ple were good. Owing to labor troubles, the plant was shut down 
from July 2 to September 20, 1917, inclusive, and in the absence 
of detailed explanation concerning conditions, the eurves would 
better be broken between June and October 1917. 

The heat recovery is low in the economizers not so much on 
account of inadequate heating surface as because the recovery by 
the boilers is so high, compared with coal-burning practice, that 
little heat available for warming feedwater is contained in the 
gases to the economizers. 

The Inspiration plant is jointly owned by two companies, and 
the money involved is so large, due to high fuel costs, that it is 
essential that the measurement of all quantities shall be so made 
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as to secure the highest possible aceuracy. The metering equip- 
ment is quite elaborate, and the accounting is on the basis of 
continuous overall plant test; consequently the operators are 
enabled to check economie performance more closely than 1s 
usually possible even in the most highly developed plants. 

The economy reported is based on net electrical production, and 


no deduction is made for fuel consumed in warming up and 
stand-by due to changes in electrical load. 
W. D. Ennis’ (written). The maintenance of high overall 


efficiency in regular operation is a feature to be expected with 
well-designed plants using oil fuel. 
the superiority of the New Cornelia plant over the Inspiration 
Allowing 


In discussing the reasons tor 


the author omits mention of the higher superheat used. 
for differences in pressure and superheat, the steam temperatures 
in the two eases are 471 deg. and 551 deg. The load factor may 
have been of weight also, but there seems to be nothing in the 
table dealing with this plant to show whether or not both tur 
bines were running. If they were, the New Cornelia load factor 
was around 0.50 as compared with a value of about 0.70 for the 
Inspiration plant. 

A most interesting feature of this paper is the indication of 
maximum boiler efficiency at about 0.60 rating (Fig. 2). The 
author attributes this to the tightness and ot 
the sheet-metal casing. It is regrettable that the boiler propor 


insulating efliciency 


tions are not given in some detail. The eurve of boiler efficiency 
against rating cannot be considered a normal curve. The (actual) 
rate of evaporation at normal rating works out 3.26 Ib., 
per cent rating, less than 2 Ib. 


or at 60 


W. H. Best’ (written). There is one particular point to be 
emphasized in the use of oil fuel in power plants, and that is the 
importance, wherever possible and wherever plants are of suffi- 


cient size, of the company’s employing an engineer whose duties 
will be to see that the oil is properly burned in order that the 
strictest economy be and 
maintained all I have always recommended this in 
power plants and in forge shops, and I am glad to learn that 
there is one plant in the United States that really has placed a 
man in charge, whose duty it is to see that the oil is properly 
burned. He can his many times by the 
effected in fuel by his attention to his specifie duties 


and highest efficiency may attained 


at times. 


save wages economy 


Wuy Does tHe WATER IN A Borer Lirr Wuen tHe SArery 
VatvE BLows? An editorial written in connection with a recent 
action of the Boiler Code Committee of The American Society of 
Mechanical Engineers in regard to the question of safety valves. 
An attempt is made to answer the question, “ What lifts the 
from the level of the water line and throws it out of the 
valve?” 


water 


salety 


When the valve opens the steam rushes out at a rate propor 
tionate to its absolute pressure, resulting in a diminution of 
pressure in the area immediately below the valve. 


When the boiler is steaming, there is, the editor states, ni 
definite water level. The surface is tossing and heaving with the 
disengagement of steam bubbles. This disengagement wil] bé 


very active for the first instant that the pressure upon the sur 
face of boiling water is reduced and may be so active right 
under the valve as to throw up a column of water which, aided by 
the sweeping action of the steam rushing to the opening with the 
velocity of a cyclone, is carried out of the boiler. 

It is claimed that this lifting action ean be avoided by a gradua 
opening of the valve, the term “ gradual” being used in a 
parative 


eor 


sense. tl 


and far as 
relations between the movement of the vaive to the lifting of the 
water are concerned, it appears to be a question more of tim 
operation than of valve lift, and a smaller valve with large lift 
does not necessarily give a more sudden 
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From this point of view 
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The Organization of an Industrial Laboratory 


Following This Paper is One on Industrial Research Laboratory Organization, and the Two, with the 


Discussion at the Research Session of the Spring Meeting, form a Valuable Digest 


of the Methods and Importance of Industrial Research 


By A. D. LITTLE, CAMBRIDGE, MASS., 

During the war industrial research in the United States was nat- 
urally stimulated, and as a result there now exists a deeper interest 
than heretofore in the manufacturing 


applications of science to 


processes. New laboratories will undoubtedly be built and many old 
ones reorganized in order to render more efficient service. It is the 
purpose of this paper to point out the organization and conduct of 
such a research laboratory. 

The authors first outline the aims of a research organization, fol- 
lowing which the divisions of the laboratory are enumerated and dis- 
frthur D. Little, Inc., 


The methods of management, writing of reports and the com- 


cussed, the laboratories of being taken as a 
type. 
mercial organization of the laboratory are also discussed at some 
length, and the paper concludes with a description of the building 


and equipment best suited to carry on this tvpe of worl. 


REV Lol Ss to the var there were about MTD Industria rt 

search laboratories In the United States, inclu ey those 

maintained by manufacturers tor their own benefit, and 
commercial laboratones prepared to render similar s ro At 
the present time there are no figures available regarding the 
number o new laboratories established as a result of the war, 
but there is no doubt but that the war created a deeper terest 
in industrial research, and the application of science to manu 
lacturing processes. It 1s also evident that those laboratories 
which existed before the war are displaying a greater interest in 


fundamental research, and in rehabilitating their organizations 


are paying far more attention to the research phases of their 


problems than they have been willing to do heretofore. 


In discussing the industrial laboratory we may choose be- 


tween the one organized for the purpose ol exploring some 


small corner of the broad field symbolic of our ignorance and an 


establishment concerned with the greatest variety ot 


problems. A 


laboratory of the latter type should consist of a collection of 


special laboratories carefully articulated to produce results most 


efliciently, and the work common to all of them should be or 


ganized separately in a large general laboratory. Fortunately 


for our country there are several such laboratories doing splendid 


work, and notwithstanding the eare exereised to avoid undue 


specialization, nearly all of them contain departments which 


dominate, due either to stronger men or the greater appeal whieh 


‘ 


these departments make to the company, or perhaps to a seem 


gly greater importance of their class of problems at the 


moment. The great majority of these laboratories are main 


tained in the plants of industry at an annual expense running 
up to two millions in at least one case, and with many spending 
hundreds of thousands each vear. 

Another plan which should be mentioned involves the training 
Mellon Institute, at 
Pittsburgh, affords a conspicuously successful example of 


may be done in educational institutions in solving th 


of men as a primary consideration, and the 
what 
proble Wis 


of industry, while at the same time men are trained in 


researe ti. 


THe AIMs OF A RESEARCH ORGANIZATION 


Broadly stated, the aims of a research organization should be: 


a To find, develop and train men 
4 To ereate such a background in the publie mind as shall insur 
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» H. E. HOWR?Y CAMBRIDGE, MASS 
support for research and the industrial utilizati r 
search results 

lo secure cooperation between different branche rf lence, as. 
for example, between chemists and mathematicians 


lo avoid repetition and duplication of effort, first by rendering 


present knowledge readily ava able to researt workers 
second DY apply io clearing ouse methods to resear¢ pro 
ects 

lo stimulate research by emplhasizing the importance ol pe 


ein problems, making special vrants, 


rendering 


and ftaeilities as generally available as possible 


lo turnish a general staff for resear wieh shall work out 
the plan of attack for major problems, assig S ra 
lines to compe ent workers and coordinate in tor rhe 
whole 

| ; ; nal 
io brilg ore Lo inu TT re ~ ‘ Ld il Lore ( res el 
wit the iew oOo promoting the establishment « 1? ate, 


corporation, and group laboratories 


i To make and publis a census o- avallable researe uc ties lI 
men and equipment 
i To survey the natural resources of the nation and direct re 
search toward their developme 
To appraise our great industrial ‘ nd deve and 
methods for turning em to pre ible us 
As regards any researe moratory ron saving 
that it is the perso al itor W ‘ determi e! I ince and 
this is preéminently true of the laboratory director Su 
Humphrey Davy truly said that s greatest discove is 
Michael Faraday, and no greater problem is likely to cor a 
research laboratory than that involved in the discover a 
director. Sueccesstul laboratory directors may be of several types, 
but a militant optimism, contagious enthusiasm, controlled 
imagination and quick human sympathy are common to them all. 
Such a man will naturally in selecting is subordinates look for 
these perso! al qualities almost as caretully as e will weigh 
specialized scientific training, and having been thus guided in his 
selections will find it relatively easy to mspire throughout his or- 
vanization those relations of good tellowship and that esprit de 
rps which multiply enormously the effeetiveness of any working 
foes 


‘ so-called cecommereial laboratory il¢ Coc aris ts ¢ 


} } 


lustrial research and operated on a strictly business basis will 


best serve our present purpose, a d that of Arthur D. Little, Ine., 

Cambridge, Mass., will be taken as a type in the belhef that 
much of interest will be found in this establishment, which 1s 
‘dedicated to industrial progress.” During the past thirty 
three vears this laboratory has grown trom a partnership of two 
chemists to a orgal ition of sixty people, a d scheme atter 
<¢heme has been devised tor the management « the enterprise 
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nly to find new conditions and rapid growth ealling for constant 


eViSIO Being a corporation, it is managed by the usual officers 
Vil n hoard ol directors, all of whom do not devote themr ¢ tire 
lime to tlre business. 


THe Divisions Or THE LABORATORY 


Within such a laboratory there are two distinct sets of duties 


which may be designated as scientifie or technical, and commercial 


or financial. These two divisions have at least two poimts in econ 
being through a service manager, and the 


tact, one other the de- 


partment charged with obtaining new business for the organiza- 


tion. 
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The fundamental duty of the seientifie division is to interpret 
While the 


work of the commercial laboratory is of the same order as that 


the results of pure science in the terms of industry. 


done in any laboratory even where the dollar is never discussed, 


it must be conducted with full recognition of the faet that many 
industrial problems are as intimately concerned with economic 
questions as with scientific. In other words, while for instance a 
laboratory process in glass may be intensely interesting and of 
fundamental Importance, the client ean hardly be expected to be 
satisfied with a report unless a commercial method for operating 
it can be devised. The technical work should be in charge of the 
president, under whom various departments should be organized, 
so that each phase of a given problem may have the attention of 
a specialist, provided with adequate equipment to facilitate the 
work. 

In this connection it may be emphasized that it pays to provid 
congenial, surroundings for the worker. 


inspiring laboratory 


The laboratory can be made attractive without being ornate, or 


ENGINEERING 


THe JOURNAI 
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Engineering will embody plant inspection, design, construction 


and operation, and although much of its work will be in the 


field, many phases of its problems will be worked upon 


coneur 
rently in the laboratory. 
The analytical department will be subdivided under such head 


textiles, fuels, food, metallurgy and metallography, 


Ings aS 


chemical microscopy, water, lubricants, construction materials, 


pulp and paper, fermentology, ete. Some of these subjects will 
require special accommodations, while others can share a large 
laboratory which provides space for certain apparatus kept i 
place for a large number of similar determinations. 

Nothing is more expensive or demoralizing than experimenta 


tion in the plant. An industrial research laboratory should ther 
fore be adequately provided with equipment of semi-commercial 
size. Infant mortality among processes is high in any case and 
the most eritical period in their young lives is that covering the 
the laboratory to the They require and 


s} ould 


transition from plant. 


the research laboratory provide a nursery to protect and 
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involving unreasonable expense, and every effort should be made 
to have the workers reasonably happy. Under no other condition 
ean the best work be expected, and it must be remembered that 
the heaviest investment is in the time of these workers, the salary 
cost being much greater than that for equipment or material 
maintenance. Rewards other than monetary for faithful service 
also play an important part. 

The departments into which the technical division are divided 
will naturally differ in each laboratory, but a fairly definite line 
ean be drawn between research, engineering and standardized or 
routine work. It is advantageous to have all of the standardized 
work, including that incident to research and engineering, carried 
on under one department head, for in this way it can be done to 
better advantage both as regards efficiency and economy. 

The research department should be organized for both labora- 
tory and small-factory-seale work. There will be a multiplicity 
of subjects, and sinee special facilities cannot be provided in 
edvance of close acquaintance with the problem, the organiza- 
tion of departments for research along special lines will concern 
personnel more than a division of floor space or equipment. 
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foster them during this period of their development. Some large 
manufacturers have even found it desirable to operate in co! 
nection with and under the sole direction of their researc! 
laboratory a small plant in which actual commercial manufacture 
is regularly conducted. Such extension of the laboratory’s fune- 
tion permits the complete reduction to practice of new methods 
and the commercial demonstration of the sufficieney of the 
product before the innovations are introduced into the main plant. 
Even when no such provision appears feasible, it is, neverthe 
less, highly desirable to have the industrial research laboratory 
actually engaged in some small scale, highly specialized, commer 
cial manufacture, preferably of some product which it has itsel! 
eriginated. The least advantage of this procedure is that su 
manufacture of a properly selected product may frequently de 
fray a substantial proportion of the expenses of the laboratory 
The major benefits are the acquirement of a certain commercial 
sense by the laboratory staff, an appreciation of the conditions 
and difficulties of actual production, and finally the strengthen 
ing of the position of the laboratory through the increase in its 


turnover and equipment. 





] ; 


tside associates or independent consultants may bi 


tting forth what is to be accomplished, suggesting methods o 
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LL, 


included. 


problem will then go into work by means of instruction sheets, 


tack, relating any special circumstances, references to literature, 


nd standard methods which may be applicable, and as much light 


possible given to the individual who is to do the 


work. 


+ 


Ac 


npanving the case there will be a tag bearing the case number 


Die 
i 


ipon it a date at which it is expected the work can be com 
ted, or a progress report made, must be indicated. The tag ts 
returned to the service manager. Through the means of 
sheets, time slips and verbal reports the progress ol the 
m will be readily followed. This procedure will be followed 
ull the divisions, the individual reporting to his superior, and 
rvice manager will be alert to insure and efticient 


ce to all ehents. 


\+ 
\ 





thus be distinetly the report of the organization and 


prompt 


the completion of the work the report, varying in extent 


a single printed form to a bound volume of several hun 


paces, 


ndividual in the organization. 


will pass through the hands of all 


concerned, 


| 


] 


and 


ot ot 
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Of 


cient data to serve the 
report 


at the same time it should inelude sufi 


purpose of a fully qualified technical man to whom the 


but 


may be referred at some later time. 


This brings up the question of the library, which may easily be 
[ts 


considered the backbone of the industrial laboratory. extent 


will depend upon other library material available in the com- 
munity but there are few things which obstruet research more 
seriously than the absence of easily accessible proper library 


facilities. A few dollars spent in books and literature frequently 
Saves aS many hundreds otherwise spent i 


he 


work of duplication. 
useful periodicals must be provided, elaborate indexes will 


be found a good investment, also abstracts and patents; in short, 
every means 
d. interest 


on an attached slip, should be circulated among the members of 


for quickly loeating literature references should be at 


han The current literature, with articles of indicated 


the staff whose names are checked on this slip, and some one, 
preferably a chemist, should have assigned to him the task of 
constantly reading the literature in order that no serap of in- 
formation shall eseape. Such a chemist-librarian will condu 

searches in other libraries, prepare abstracts, and in fact direct 
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the information service for the laboratory, and through the labor- 

atory to its chents. 
BUILDINGS AND EQUIPMENT. 


With this general plan of management before us, we may now 
consider the equipment and space required for effective work. 
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BASEMENT 
PLANS OF THE LABORATORY OF ARTHUR I). Lirrie. INc. 


PLAN 
Fig. 3 


Experience has shown that a satisfactory building is one ap- 
proximately 50 ft. by 150 ft. (planned so that another building 
may be easily connected in H-formation) and consisting of a 
basement, with three floors, the basement itself being so designed 
that it is as light and airy as the upper floors. Such a building 
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with a wing housing the power plant and small grinding rooms 
(this being the connected wing of the H) has a total floor space 
of approximately 30,000 sq. ft. The building oecupied by Arthur 


D. Little, Ine., is of this type and the various departments are 


allotted the following space: Analytical division, 5328 sq. ft.; 
research division, 3458 sq. ft.; engineering, 1155 sq. ft.; com 
mercial department, 768 sq. ft.; management (meaning the man- 


agement of outside enterprises), 538 sq. ft.; special department 
$118 ft. The portions of the 
building which are non-producing, such as miscellaneous offices, 
which ineludes stairs, corridors, halls, lavatories, ete., 
SOOU Sq. 


devoted to pulp and paper, Sq. 
comprise 
S15 ™y. tt. 
This includes laboratory space provided for emergencies al d ex 
but 


ft., and the space unassigned amounts to 


pansion not in constant use, 

These area measurements form the basis of apportioning ovet 
head due to interest on investment, depreciation, repairs, insul 
ance, upkeep, ete., and among the departments is distributed the 
charge for carrying 768 sq. ft. devoted to an industrial museum 
and 1536 Sq. It. 


current sample 


devoted to the library. 
basement wall provide room Tor. tive 


the 


power 


plant, thie 


room, general stock room, 


two very large 


rooms tor small-ftactory-scale equipment, two small rooms for coal 


and other crushing and grinding operations, and a machine shop 
in which the physical testing machinery can be installed. A 
laboratory tor testing construction materials, such as cement 
may also be placed in the basement to advantage, and here, too, 
1 room and vault can be set aside for inactive letter files and 
records. 

The tirst floor will provide a series of offices each of about 
250 sq. ft. area, tWo larger ones which may be used by ollicers 
of the company, consulting engineers and others, reception 


The 


rooms devoted to 


room, and an information booth with switehboard. museum 


can also be on the first floor, together with the 


the commercial department’s work. Quarters for the financial 
division, with ample vault space, and room for current corres 
pondence and the general stenographers’ office complete the floor 
The engineering division might also occupy rooms on the first 
tloor. 


The seeond floor may be properly devoted to research and thi 


library. It is frequently advantageous to be able to segregate re 
search problems, and it will be well to provide a series of small 
rooms, say of approximately 250 sq. ft. in area, which ean be 


fitted up in accordance with the requirements of the problem, and 


easily dismantled at the conclusion of the work, to be 
t undertaking. A 


well as the third 


veeording to the ne branch stock room shoul 
the 


should be served by elevator from the general storeroom in 


he located on second as ‘oor, and these 


basement. There are always a number of seattering problems 

research that can be handled in one laboratory, and so a special 
problems laboratory should also be provided on the second floor 
with an office 
sav of 1500 sq, ft., 


for consultation purposes. I inally a large 


rowel 


should also be available for large undertakings, 


und as a space for emergency overtlow. 


The third floor may comprise the general analytical laboratory. 
a room of about 1500 sq. ft., adjacent to which should be a root 
for titration and the balance room (each of approximately 125 
sq. tt.), a fuel-testing room and a special room for extraction. A 


branch stockroom and the offices of the head chemist and assis 


ants should also be on this floor. The optical room should be 
placed where north light can be obtained, and a small dark roo 
must be provided, as well as a specially equipped room for thi 
physical testing of paper and textiles. The kitehen can adjoi 


the assembly room. <A locker room for the men and a rest 1001 


the roo 
ean be used for fans and a ventilating appliance, water tanks. et: 


for the women must also be provided. Space under 


Such a building as has been thus briefly deseribed will co- 
$200,000 $50,000 will 
There is always something new to buy for a laboratory. 


about and provide general equipment! 
Such a 
establishment will provide working space for approximately 15 
people, and more could be accommodated if necessary, dependi: 
largely on the type of work being conducted. The cost of oper: 


tion and maintenance, based on a staff of will be abou 


“20,000 per month. 


sixty, 





























Industrial Research Laboratory Organization 


By K. C. MEES, 

The great value of scientific research, both to the industries and 
The industrial re- 
search laboratory is an important factor in maintaining the supremacy 


the nation at large, is now generally recognized. 


of an industry, and its success depends to a considerable degree upon 
its relation to the other departments of the company with which it is 
associated. In this paper these statements are discussed, and the au- 


thor presents his views regarding the establishment and function of 


industrial laboratories, giving in connection with the latter three 
annular diagrams. The form and operating costs of industrial 
laboratories are also discussed. 
Hk trumphs which have already been won by research 
laboratories are common knowledge. The Incandescent 
lamp industry, tor imstance, originated in the United 


states with the carbon-filament lamp, but was nearly lost to this 


intry when the tungsten-filament was developed, only to be 
escued trom that danger by the research laboratory of thi 
(ieneral Eleetric Company, who tought for the prize in sight and 
eveloped first the drawn-wire filament and then the nitroget 
unp; and we may be sure that if the theoretical and practica 


ork of the research laboratory of the General Electric Company 
ere not kept up, the American manufacturers could by no means 


secure in their industry, as, undoubtedly, later di 


velopments 


electric lighting will come and the industry might be trans 
rred, in part i not completely, to the originators of any im 
ovement. Manufacturing concerns and especially the power 


, well-organized companies who are the leaders of industry can, 


course, retain their leadership for a number of years against 
aller and less completely organized competitors, but eventualls 
ey can insure their position only by having in their employ mer 
0 are competent to keep in touch with and to advance the sub 


and the maintenance of a laboratory staffed by such men is 


tinal insurance against eventual loss of the control of its in 
stry by any concern. 
lhe success of an industrial research laboratory depends to a 


nsiderable extent upon its position in the organization and 
on its relation to the other departments of the company wit! 

which it is associated. 

industrial enterprises had been organized afresh with the re 

definite part the 


obable that by this time some general opinion would have been 


rch laboratory as a of organization, it Is 
med as to the position which the laboratory should oceupy, but 


fact nearly all industrial research laboratories have been added 


+ 


rganizations already formed, and their relations to the other 


artments of the organization are usually closely associated 
their origin. 

tboratories are established in many different ways. If there 
technical scientifie expert mm the executive of the manutactur 


company he may feel the need of a laboratory and become its 
direetor, and in this case the laboratory will necessarily be very 
closely associated with the work of the executive who initiated it. 
laboratory may also be established under a separate director, 
himself associated with the executive officers of the company, 
as a reference department for the executives, and in this ease 
also it will be very closely associated with the officers of the com- 
pany and will tend to be concerned more with questions of policy 
and the introduction of new products than with any other of the 
problems of the company. 
in a large company a research laboratory may be established 
as a separate department, having its own organization and being 
available as a reference department for all sections of the com- 
pany, in which ease its activities will cover a very wide field, but 
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Printed in abstract form and is subject to revision. Copies of the com- 
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influence 


closely associated 


at the same time it will not have as direct an upon the 


policy of the company as will happen if it is 


with one or more of the executive officers. 


The earliest research laboratories grew out of the works 


testing 


and control laboratories and were therefor responsible 


directly 
to the works manager, More rece ntly, laboratories have get erally 
and 


been established as independent departments of the company 


responsible only to the reneral manager. 
The executive official to whom the laboratory should report will 
depend upon the nature of the work to be done There may be 


which research work is required for only a single 
the 


industries in 


rest arch 


department, and in this casé workers should be re 
sponsible to the head of that de partment: there are other 
which the interest in the research is confined to the wo din 
such cases the laboratory should be responsible to the works 
manager; but in most technical industries research work w “ve 
a great bearing not only on the methods of production b evel 
on the creneral poliev of the nadustr ind I ih « 
necessary that those who direet res ch sti Y ‘ 
and responsible To, the exe t who control Powe 

The position of the research laborator n al 
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ganization 1s perhaps besi determined DY the criterion that the 
research department should be respousible to the officer of the 
company who is in charge of the development of new products. 


It the introduction of new products is in the hands of the works 
organization, then the research department should be responsible 
to the works manager; if there is a definite development depart 
ment, or, if new products are introduced through the agency of 
some definite executive, then it is to that exeeutive that the re 
search department should be responsible. The research laboratory, 
in tact, should primarily be associated with development 

The chief functions of the laboratory are as follows: 

1 The provision of information regarding the technical and 
scientific matter in which the industry is interested, and the 
supply of this information in a form suitable for the education of 
the employees, of the customers, and of the general public. 

2 Service in the form of the provision of specifications and 
standards for materials, the making of analyses and tests, as- 
sistance to the works in regard to difficulties and to customers 
in the relation of preblems arising from the use of the product. 

3 The development of new processes or products, utilization 
of by-products, the development of new departments of the 
industry. 

These may 


functions be expressed by means of annular 


diagrams such as those shown in Figs. 1, 2 and 3. Fig. 1 shows 
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the information diagram. The information originating from the 


library and trom the research staff is issued in the form of ab- 
straets, reports, scientifie publications and monographs, and first 
goes to the exeeutive, manufaeturing 


purchasing and sales depart- 
ments for their information; then to the advertising and eduea- 
tional departments to be placed in the form required for publica 
tion in the scientific and general press. 

The organization of the development work is shown in Fig. 2, 


where the work is shown to be founded upon pure research done 


in the seientifie department, which undertakes the necessary 
practical research on new produets or processes as long as they 
are on the laboratory seale, and then transfers the work to special 
development departments to form an intermediate stage between 
and the 


development departments are really small seale manutacturing 


the laboratory manufacturing departments. These 


departments which may be operated either by the works depart- 
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Under the alternative or cell system the laboratory eonsists ot a 
number of investigators of approximately equal standing in the 
laboratory, each of them responsible only to the director, and each 
Keach 


may be provided with assistants as may be 


of them engaged upon some specifie research. such in 
vestigator, of course, 
necessary. 

In practice, some system between these two systems OL organiza 
tion is essential and will develop in any laboratory. It is not 
possible to work a rigid divisional system, and on the other hand 
no cell system in its most definite form could be effective. 

The seientifie work of the research laboratory is best directed 
by means of a conference or series of conferences of all the men 
the further 
that, while it will relieve the director of the details ot 


having knowledge of the subject, and this will hav 
advantage 
the direetion of the scientifie work, it will keep him constant] 


informed as to all the work going on in the laboratory. 
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Fies. 1, 2,3 Diagrams ILLUSTRATING THE 


ment or by the laboratory; but which are controlled, as regards 
the work done in them and the method used, by the laboratory 
itself, being run as experimental departments in order to develop 
a new process or product to the stage where it is ready for large 
scale manufacture. 

In Fig. 3 the service diagram shows the scientific divisions as 
the operating center, each of which supports and controls the 
necessary service departments which prepare specifications and 
standards, undertake testing and analysis, the investigation of 
works troubles, complaints of customers, and suggestions from 
the sales department, the results of which are communicated to 
the departments interested. 

The laboratory organization will therefore consist of a section 
of administration, which will be responsible for the direction of 
the work, the control of accounts and the issuing of reports; a 
section of information, which will operate the library, prepare 
abstracts of the literature, keep in relation with the patent 
department and constitute its technical wing, and prepare reports 
and publications of all kinds; and the scientific section, which will 
carry on the operation of the laboratory work. 

There are two forms of organization possible for the scientific 
work of the laboratory. For brevity these may be spoken of as 
the “ divisional ” system and the “ cell” system. In the divisional 
system the organization is that familiar to most businesses. The 
work of the laboratory is classified into several divisions; physics, 
chemistry, engineering, and so on, according to the number 
necessary to cover the field, and each of these divisions has a man 
of suitable scientific attainments in charge of it. In a large 
division each of these men will in turn have assistants responsible 
for sections of the department, all the heads of divisions finally 
being responsible to the director of the laboratory. 


FUNCTIONS OF AN INDUSTRIAL RESEARCH LABORATORY 


From various sources, but chiefly from the convenient list ot 
American laboratories given by Fleming there can be found the 
cost of a research laboratory per scientific worker employed. It 
might seem that there would be very great variations in this, but, 
provided that the laboratories are all of the physical and chemical 
type, there is a surprising agreement between the figures, which 
show that the cost of building and equipment for a laboratory 
will be $3000 and $4000 per man. From the 
sources the annual cost of maintenance of such a research labora 
tory appears to be slightly lower than the first cost. Probably 
$3500 per man will be a fair estimate of the cost of maintenance, 
and of this we may take 60 per cent as representing salaries ar 
wages and the remainder all other expenses. 

As laboratories are organized and experience gained in thi 


between sam 


types of laboratory suitable for different industries it will doubt 
less be possible to lay out definite schemes of organization for : 
laboratory suitable for the requirements of any industrial under 
taking. At the present time, however, it is possible to do tl 

only in the most general way, and it is necessary to consider ea 

case independently, taking into consideration the requirements « 
the particular industry involved. 

Fortunately data on this subject are being accumulated at ¢! 
present time and the whole question of laboratory organization 
being studied carefully both here and abroad. In 
the National Research Council has appointed a special committ: 
to promote industrial scientific research and this body is no 
engaged in drawing up a scheme for the establishment ot 
alloys research laboratory and is considering other lines of 
dustrial research all of which I am sure will meet with the a) 
proval and support of The American Society of Mechanic: 
Engineers. 


this count: 














DISCUSSION AT RESEARCH SESSION OF SPRING MEETING 


Meeting of the A. S. M. E., held at Detro 


. ce oted 1t8 second Session LO a CO 


of the status of research in this country Four pap d 
il wiaire were delivered Those by Arthur M. Gree 
The Present Condition of Resear in the United &S 
Enrique Touceda, on Researel Work on Malleable [re 
G. H. Clevenger, on The D on ¢ Knemeermng ot the National 
Research Co ‘ ppeare ubstric lor! i M 
| ‘ 0 Ju ine i! ISSL¢ he ren 
presented, One of these, by Arthur D. | eand H. k. 
m The Orga ition of an Industrial Laborator ( ‘ 
vy Dr. ¢ Ix Mees, « i vith The Organiza ’ ( uf ire! 
Laborator Abstracts of the discussion of these ! 
llow and it is not surprising to find that opinions r ! hie 
ilue of research vary but little, for 1t 1s unquestionab 
eseare} Ss rapildl eoming nto Ws Ow! ind bids Tal eup 
— derable extent the attention of the industr 
P. F. W "i ter The author ha ru 
oO ot our edueation institutions the members « ‘ 1 
re so Dburael I wit] routine each ne ha iret il ) 
earch work cannot be expected There is good reas 
! MOIS Thee 0 ‘ wtive itter ol oO sclel 
0 | he schools ti must produce he me 0 
‘ e prot ’ al ‘ wing researe! lt he s 
an beawe nlentad hem certa deala whicl 
verhap COnSELOU is determining factors in then 
ol e researel theretore ot vital iImportanes re 
wie! should be brought tace to tace with researe! rie 
d thus imbibe something of the spirit ol the inves oO! 
\ matter in which the writer is at present pers ! 
erg d a to which he is giving a great deal of at 
: f dustrial probler It is a research side ot new 
ranch of the profession sometimes designated as industi or 
ommerecial enginecring Every state and every ¢O l has 
roblems peculiar to itself and it is a function of state educa 
onal institutions as well as of the engineering protession to 
erest themselves in such problems with the aim ot rendering 


service, I 


A combined survey and study of 


industrial possibilities 


because it is a kind oft 


This is 


alway s thought ol 


s being made. mentioned here 


esearch not as coming within the scope of the 
To the writer, however, it seems that it is ar 
that 
engineering is the application of all of the 
ot 


and particularly in one where the natural resources are not yet 


engineer AcUIVITY 


vhich comes distinetly within the terms of definition which 


; 


tates that sources Ol 


power to the use and convenience man In any community, 


le veloped bv industries to the full extent that economic conditions 
vill warrant, it is the business of the engineer to encourage and 
pave the way for new industrial development as truly as it is to 


natural agencies for its suecessful 


? erties ins } ) ) {) 
‘ *¢ ot el The ‘ Te ‘ i ‘ S500) { 
ee] ‘ Oo | ? ler e] 
eo el Site ‘ l ( ‘ ( 
rie t ‘) ! ! ‘) i 
{ ) ? ‘ i 
ihe corm \ i ) ‘ ‘ 
vt i ! t t t ‘ t ‘ ) 
‘ eT i T ‘ re rie l P| 4) ? 
Wil ] ( ! pre perple au 0 
ne a il ‘ ra) wor ) ) " } } ‘ 
villingne ‘ ly oO pa creased pric 
wtured pro« consume re brir evel etul 
proble Oo 0 crue ‘ ! ey } ry 
wing his 1 l irl COS ‘ O depre on 
» clilii i ‘ ] ist ye met ol rhe one ra ) ai rm” 
standardi on, and on the other b e effici eme} 
Libor ind e tormer, thoug! ot so we ‘ wan » nerhat 
en so hig! regardes s like ( rove eas powe 
i ix Thi ter 
ARTI 1. Woe writtel In his pape he ! es 
hat one o he reat needs OL the preset eseare 
el d mws this w statemer hich ir e 
hv there are t more me ible He ove 0 
the work w rove to be e incentive sini! 
monetal returns are s I believe tl the au e% 
servatlive in saving many cases t should read rT ‘ ec 
Monetary returns will never 1 e a research engineer out « 
one whom nature never fashioned tor such work, bu pro 
duce results of unmeasured value from the one who has the lov 
of and ability for research work if it trees hi lror inane 
eares which he otherwise must carry 
Surely the need is for more research men and the indust1 
laboratories look primarily to the colleges for their material, but 
what are the colleges, as a whole, doing to develop men alot 
these lines? 
In the period of awakening to the value of research there wil 


be plunges into subjects without proper preparation or prelimir 
ary study and analysis and some half-baked results of tests wil 
be put forth 


eannot or do not pay 


doubtless research, partly because the colleges 


as 


salaries to teachers and investigators whit 


would train the right men in the proper lines. The making of 
research worker is a long-time process, and it calls for a normal, 


straight-thinking mind, well informed and evenly balanced, which 


must be left free to get results. One of the apparent needs fo 
men in collegiate research is for more leisure in which to think 
out methods, to plan work in fields not already well oceupied 


elop the 


prosecution. 





] 


m™ importance of real 


I J. The 


and its possibilities in returning a quite extraordinary 


HLINK (written). research 
profit 
a very moderate expenditure, cannot be overemphasized. It 
be 


ken with a broad vision and the investigator must be 


to attained, however, the venture must be under- 


nd is 
permitted 
thin reasonable limits to carry on studies which may not promis« 
mediate pecuniary benelits. 

[t is nothing less than astonishing to find, as we occasionally do, 
it a long-established product, supposedly fully standardized, is 
ng manufactured without even a superficial knowledge of the 
uple engineering and seientifie facts that underlie its perform- 
ce Some of the portable or hand operated fire extinguishers 
e splendid examples of this elass, and in these simple devices, 
hich are not nearly so complex, trom the designing and manu- 
cturing standpoint, as an alarm clock or a lawn mower, the 
ried and manifest types of mechanical and operating failures 
Dean. Scho! of 
nomen 

M.E 


Engineering, 
Physicist, 


Lawrence, K 


Mem. Am.Soc.M.1 
Bureau of ° 


Standards Washingtor I. ¢ Jun 
Sor 


and to keep the mind thoroughly saturated with the 
hand. How 
he the 


much leisure should be 


granted 


should one best qualified to 


answel! 


Regarding industrial vs pure research, ther 


flict; no line of demarcation can be drawn between thi wo a 
though they are essentially different One is he Ipless ithout ‘ 
other. No research is so “ pure” but that it may some day lead 
to results of commercial value It is unfortunate that many e1 


gineers do not have a true concept ol adequate iol 


appre at 
of the value of scientifie research. 
lhe Society through its Committee on Research and the various 


sub-committees, may also be an important factor in guiding the 


plonee r work. 


It may help to raise the standards of 


} 


search so that industrial and educational 


Institutions 


pure re 


alike 


accept 


the definition of 


research as given by 


the late 


Dr. R 


will 


The Society 
must be a leader in the great work and place research in its 
accepted 


Thurston as “the art of revelation and prophecy.” 


and well-deserved place among engineering ente rprises 


Professor 
Mem Am. Sox 


of 
M.E 


Mechanical Engineering, Pennsylvania State ( 
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H. S. Coteman.’ The system of research at the Mellon Institute 
was formulated by the late Robert Kennedy Duncan and placed 
in experimental operation at the University of Kansas in 1906. 
In 1911 the system was inaugurated at the University of Pitts- 
burgh, and in 1913 established on a permanent basis there through 
a gift, by Messrs. Andrew William and Richard Beatty Mellon, 
bankers of Pittsburgh, of a modern research building and an en- 
dowment to cover the general overhead expenses and salaries ot 
the administrative staff. 

Any company or association of manufacturers having a prob- 
lem or group of problems requiring investigation may become the 
donor of an industrial fellowship by contributing to the Mellon 
Institute a definite amount of money, for a period of not less 
than one year. This foundation sum must be adequate for the 
purchase of all necessary special apparatus or other equipment as 
well as to furnish the annual stipend of the research man or men 
selected to work on the particular problem. The Institute houses 
the investigatory work, furnishes it with the use of its permanent 
equipment, affords library and consultative facilities, gives care 
ful direction to the progress of the research, and provides an 
atmosphere which is conducive to productive inquiry. All results 
obtained during the course of the industrial fellowship belong 
exclusively to the donor. 

The institute is not, In any 
institution, being entirely independent and deriving no financial 
profit from any investigation conducted under its auspices. In 
fact, during the last fiscal year, it was necessary to draw upon 
the endowment fund for almost $70,000. 

Up to the present time the engineering research carried on at 
the Mellon Institute has been rather limited in scope as the present 
building and equipment were designed mainly for chemical re- 
search. 


sense of the word, a commercia! 


There are, however, three fellowships at present in opera- 
tion involving engineering research, and plans are now under way 
for the construction of an engineering research building which will 
provide adequate facilities for extensive engineering investigation. 

Investigations are usually worked out in three stages. First, 
there is the laboratory stage; then comes the unit plant or semi- 
commercial stage and finally the process is placed on a com- 
mercial basis in the plant of the donor. The fellow who has 
developed the process through the laboratory and unit-plant 
stages is usually at this time taken over by the company and 
placed in direct charge of the new process. 

As‘a result of the investigations involving the development of 
new processes, a large and valuable collection of special equipment 
has been acquired. This equipment, in most cases, becomes the 
property of the Institute at the expiration of the fellowship for 
which it was purchased, and is available for further use in con- 
nection with new problems. 

Joun R. Auten. About a year ago, the American Society of 
Heating and Ventilating Engineers decided to establish a research 
laboratory, and the committee in charge of the work decided to 
associate themselves with the Bureau of Mines, as the Bureau 
agreed to provi le the necessary laboratory space. 

The funds that have been provided for the laboratory have come 
largely from manufacturers and others interested in the work; 
although the work in general will not be of a commercial nature 
but rather of a fundamental character. With that consideration 
in view the committee has laid down three principal activities for 
the institution: first, the obtaining of data covering the subject 
of heating and ventilating; second, the establishment of standards 
for the use of heating and ventilating engineers, and third, the 
work of research. 

The work of research has been divided into two departments, 
one to be conducted at Pittsburgh and the other at the mines. 
Many of the laboratories in this country that are doing research 
work along the lines of heating and ventilating ean materially 
assist our laboratory and thus the work of acquiring information 
on the subject of heating and ventilating ean be accelerated. In 
po. te ee. eae Institute of Industrial Research, Pittsburgh, 


* Dean, College of Engineering and Arcbitecture Universi M >. 
sota, Minneapolis. Mem. Am.Soc.M.E. ; a 
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the Bureau of Mines itself the principal work to be done is in 
connection with the subject of ventilation as this is one of the 
most difficult questions to be considered. 


Zay Jerrries. The Aluminum Castings Co. is engaged in 
a line of endeavor which for a long time has been determined by 
research that has been largely limited to the more refined methods 
of production. As a parallel to our line of work, the American 
Smelting Refining Company's method of research is something, 
which while it might not be termed research in an ordinary con 
They examine a 
great many prospects and I believe in a certain three-year period, 
ending about 1916, they had examined about 900. At that 
they had selected three for purchase and further development. 
That is a type of research work that one does not ordinarily come 
upon, but it nevertheless is considered essential for their business 


cern, is nevertheless very highly specialized. 


time 


The Aluminum Casting Company’s laboratory employs between 
80 and 90 individuals. It building 50 x 230 ft 
and its equipment is valued at approximately $150,000. ‘The an 
nual expenditure for this work alone, is about $300,000. We are 
finding out a great 


Is a two-story 


many things in connection with the non 
ferrous alloys, but we have only advanced far enough to begin to 
Our work is 
finding itself 
future. 


apply these fundamentals to our industry. new, 


and yet its application is even now here, and no 


doubt will find its way further in the 


CHARLES Russ RicHarps.. Some 25 odd years ago the first 
effort was made to provide for congressional action in engineering 
experiment stations, but for one reason or another the efforts to 
secure action ol futile. <A few later the 


officers of the College of Engineering, University of Illinois, suc 


Congress were years 
ceeding in interesting their board of trustees in engineering r 
search, and in December 1903, the Engineering Experiment Sta 
tion was organized and it has since undertaken, m a rather syst« 
matie fashion, the conduct of research in a great variety of lines 
Each 
member of the faculty is encouraged to devote any time he may 


have at his disposal to conduct research work. 


This is an organization within the college of engineering. 


If he has a good 
problem which he wishes to undertake, we undertake to relieve him 
of exacting teaching or administrative duties, to permit him to give 
time to the work. The principal portion of our work, however, 
is carried on by the research corps, which is composed of various 
full-time and a number of part-time students. 

In addition to the work which we are doing in research, thers 
have been from time to time codperative investigations of prob 
lems undertaken at the direct request of an industry or group ot 
industries. At the present time there are at least four or five 
such investigations in progress. 

As a state institution it becomes essential for us to safeguard 
the work which we do and in all of our cooperative investigations 
we reserve absolute proprietorship in the results obtained and 
the rights to publish them. 

The Engineering Experiment Station now expends approxi- 
mately $50,000, but as this must be divided among nine or ten 
different departments, it thus gives only a smail sum to each. 
It is my hope that each one of our men who is a specialist in his 
particular line may have the opportunity to direct a special corps 
of investigators, thus developing scientific knowledge to a point 
where it would be helpful to industries, and through the accuma- 
lation of large sums of money, enabling us to do work on a scale 
which is not possible for any college, no matter how magnificent 
that may be. If I can seeure the codperation of the industries 
of Illinois, I have little doubt but that it will be accomplished. 


CuarLes H. Benjamin.” The Engineering experiment station 
at Purdue is an infant but two years old, but it is a very lusty 
infant, alive and kicking. We now have a paid staff of workers, 
and a very good field in which to work, and our future is still 
before us. Our object in establishing the station was primarily to 


' Director of Research Laboratory, Aluminum Castings Co.. 


Obio. Cleveland, 


sn ee of Engineering, University of Illinois, Urbana, Ill, Mem 
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coordinate the researeh work which has been carried on at Purdue 
for so many years, and to enable us to do it more satisfactorily, 
Another purpose in torn 

ing the the 
State is that primarily we are interested in Indiana, its product 


and to publish the results more widely 


this organization in codperation with industries of 


its manulacturers, and its future, and it 1s going to be our first 
aim to collaborate with the men of Indiana to increase this pro 
ductiveness. There is a certain advantage in a university labora 
A university laboratory or engineering experiment statior 
t tron 


tory. 


iil 


has no particular axe to erind, and this removes 


suspicion of commercial interest. Sometimes we are required to 


investigate problems that pe rhaps could be better investigated b 
that that 


the private concerns but establishment teels ow! 


efforts would be misinterpreted, and that the results from the 
engineering experiment station will receive more universal cre 

ence and support The organization, and our methods ot wort 
ure very similar to those which Dean Richards as so we 

lined The time is too short to tell ot the things ! ( 
olg and expect to do | will only mention one or two Corie 

he testing of road materials and the codperation with the highway 
eommissioners i the bullding of good roaas Anotl t 
eflicieney of the carburator. One of the most unportant however, 
of our investigations, is that of the farm tractor, in which we are 
eooperating wi h the agneultural school of the univer Wi 
expect to see a testing plant at the university whi \ hear 
somewhat the same relation to the farm-tractor proposition as the 
OcCOTHOTIVE abort ? does to the problems of the railroad, and 
our only difficulty is to take care of the amount of work which it 
ring nd which comes to us without solicitation 


In conclusion, | wish to express my appreciation of the worl 


( } resenare committe l do. however, Want to urge ¢ ition, 
ot on the part of this committee, but on the part of perhaps 
one erning agene. in trving to shape research wot | 
esenure! il Ss fn el ~ ae s born, not made ae a T 

at tne ist wor in ! own Wav and on his own ‘ Tle 
ot b erteres with rel he nust be allowed ov i 
thir n his own way 
Kt es S us chairman of the Ch cago Sect the 
heseare (‘ommiuttee, offered the tollowing resolutior 
\\ tter of generally accepted ¢ ‘ t 
\MERI Sin I ‘ Nine \ | 
I i} th co bpole nen leurned es a 
th } ) it prompt i 1 exte led 1 Ph oO 
ent ‘ ! ! seul is ‘ ‘ “ x 
! £ industrial d ‘ nto nat 
WHEREAS, the Great War has fully demonstrated t! ‘ 
idly as well as in detail te e of inestimabl 
‘ n advancing national welfare and, 
WHEREAS, t ( ttee on Aims and Organizations has ecitic \ 
nmended that the AMERICAN SocteTY OF MECHANICAL ENGINEERS 
ean e active interest in this field: therefore, be it 
| ‘ ! ut t be declared the sense of this researc! es ol 
\ es M ] that Kngineering Council shall be en raged to 
lertak tive support of a plan and organization of scient and 
istria reseurch to the end that the following objects i\ e at 
plished with all reasonable dispatch 
lo secure the passage in the present Congress of a special act 
thering nation wide research in State units through ngressional 
yprintions for this purpose under the general codrdination of En 


ing (ounce, or other national agency thoroughly representative 


engineering profession 





ige trade, industrial, and utility associations to interest 

elves in the advance of the Arts and the constructive benetits to 

lerived from research work in their respective fields and to codGpe 
with them in their efforts in these directions 

> To encourage the various research institutions or instrumentali 

how or to be established by the Federal and State governments in 


close codperation in this general research policy 


! ‘To encourage and assist in the establishment of organized depart 


of engineering research at the various universities, adequately 
ped with material and personnel and to bring such department 
losely as possible in touch with the vital problems of industrial 


nt the Nation. 
To institute organized publicity with the industries of the country 


ascertain broadly by 


contronting 


a thorough canvass their vital needs, with a 
to directing the research work of the country and the coéperative 


Engineer with Bion J. Arnold, Chicago, IIL, Mem.Am.Soc.M.E 
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development of the industries through the agency of the technical 
laboratories both public and private. 

6 To organize and support a separate department ol the societies 
activities, in close co}peration with similar departments of other tech 
nieal societies, to act, through Engineering Council, 01 other repre- 
sentative national agency, as a permanent clearing house for all re 
search work 

On presenting this resolution Mr. Bibbins stated that while 
there has been a considerable amount of discussion as to thi 


propriety of state institutions unde rtaking work of this characte 
he firmly believed in the necessity of each state developing itsel 


as a unit lhev cannot do too much,” he declared. “ We should 
encourage by all possible means, every form ol intelligent and 
efficient researc! We do not disparage in the slightest degree 


purely scientifie resear h and we recognize the absolute nee 
of it At the same time we also recognize the equal necessity ot 
research in the more practica phases ol the research wort 

“The industries want met They already have the mone 
abundance Their executives are keer n search of prove 
materials, methods, and processes It successful, the produc 
stantly becomes better and cheaper. Many ot the larger ‘ 
tmes are alone spending millions ol researe] ot sue a characte! 
as adapted to their essentially commereial undertaki ul 
what of the lesser industries? hey have not the meat ) i 
tain expensive research laboratories, nor perhaps the sion to 
the need of them, althoug! is these verv Indust! ! ! ( 
in need ot encouragement W here ‘ l i ve re 0 ) 


this modern pressing need? 


The answer seems to be in that agen: Wi prod 
men of vision, ab and perspective. These men are produces 
at the seats ot lean ing, whose academic influence 1s idn ter 
nation-wide They are usually supported by the State an 


directly through taxation by the industries. Yet for some reaso1 
the impression of academic limitations still pre sll dust! 

although this is being gradually broken down by the splendid 
work of unselfish pioneers in technical learning who have g ! 
of themselves to obliterate the unfortunate impression. 

* What can the A. S. M. E. do to secure recognition. estab 
ment and s ipport ol a broad, nation-wide toundation for ( 
trial research? The answer of the Chicago Research Co ‘ 
as tar as present tormulated, is found in the for v0 ( 
which is purposely suggestive an subi en the De ( 
vention in the ope that conerets «tion w resul 

Follown Mi Bibbins presentation o e reso lleread 
) e 4 ivo Committe ere was a general discussion whic 
centered ! re ( questo ol rover! ental super Slo? 
reaseare The resolution was rst discussed by Dean A. A. 
Potter, who stated that while e belheved The American Society 
of Mechanical Engineers should encourage reasearch, and wl le 

Is Inquestionably thie purpose ot the Society to urge 
governmental recognition, 1t would nevertheless he a ustake to 
approve a resolution asking Congress to appropriate a certair 
amount of money to support research in certain types of insti- 


tutions. He believed that The American Society of 


all 


approve any 


Me chani«al 


Engineers should express its approval of kinds of 


scientific 


bill. 


Lado 


should not 
the 


and industrial researeh, but 


Me s. 


specihe 


Doetor Director of Eastman Kodak Researe} 


ratory, then took the floor and stated that he was in accord with 
Dean Potter's remarks and did not believe in urging Vederal 
research. It was a question whether Federal research was desira 
ble. The leaders of industry were against and the advice 
that he would give to the Soecietvy—he was not a member of it 


was to pay for its own research 
Several 


anee on the 


members ot the Society who favored financial assist 


part of the Government next presented their views 


and urged that the Society endorse any measure which would 
obtain an appropriation from the National Government for the 
benefit of such institutions as might be selected. 


C. H. Bierbaum also discussed the resolution. A bill of the kind 
proposed was proper enough from a theoretical point of view, but 
from a practical point of view he did not believe anything worse 
to bill Federal 


research, for there would then be a most inefficient distribution of 


718.) 


eould be done than have Congress pass a tor 


Continucd on page 











Suggested Formula for Rating Kerosene Engines 


This and the Following Paper on Standards of Carburetor Performance, Together With the Discussion 
at the Gas Power Session of the Spring Meeting, Form a Timely Presentation of Subjects 
Dealing With Standardization of Internal!l-Combustion Engines 


pr DD. 1. 


it the present time there is no standard method of rating kerosene 
oil engines, and consequently engines of the same displacement are 
given different ratings by each manufacturer. A standard formula 
might therefore be of value and in this paper the writer discusses the 
various formule now in use and suggests that a piston displacement 
of 13,000 cu. in. per minute be taken as one brake horsepower. The 
subject of a standard nameplate is also discussed and a suggested 
form is given. 


MONG the various companies manufacturing kerosene en- 
gines there seems to be no uniform standard of rating in 

use, and as a result engines of the same bore, stroke and 
speed—or in other words, of the same piston displacement per 


minute—are given different ratings by almost as many manu- 




















facturers. In the past little attention has been paid to this 
minor detail, as it seems to have been considered, but the pur- 
rABLI FORMUL.® NOW IN USE FOR FOUR-STROKE-CYCLE ENGINES 
D=« of piston, in. L=length of stroke, in. 
of cylinders N =number of revolutions per minute 
N Authority Formula 
N.A.C.C.! Din 
or | >> (at 1000 ft. per min. 
4.L.A.M. a 
D2LNn 
2 E. P. Roberts 
18,000 
} French Automobile Club 0.45 Dn (at 985 ft. per min.) 
$ Royal Automobile Club, British 0.405 Dn 
D{LNn 
5 Royal Automobile Club, Swedish ve 
15,240 
6 Prof. H. L. Collanders 0.565 D(D—1)n 
D?LS-%n 
7 T. Thornycrofts — 
2700 
8 M. Faroux 0.121 D2-4Lo-+ 
9 M. Arnon 0.1 Dn 
D?LNn 
10 E. W. Roberts ? —_—— 
X 








1 Vol. 1, p. 30, S.A.E. Standards Data Sheets. 


2 Gas Engine Handbook, p. 131. X is a factor varying with the fuel and cycle. 
For 4-cycle engines X equals 16,000 for natural gas and 14,000 for gasoline. 


chaser of engines and tractors has had much experience with this 
inconsistency. For instance, one buys an engine of 4 hp. that 
will actually develop 6.5 hp.; another buys one also rated 4 hp. 
but it will only develop 5 hp., and it will in all probability have 
a different piston displacement per minute. Apparently this 
means nothing as far as the customer is concerned, for in each 
case he receives more horsepower than he believed he was pur- 


chasing. A very great difficulty does arise, however, when these 


Presented at the Spring Meeting, Detroit, Mich., June 1919, of THE 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. The paper is here printed 
in abstract form and is subject to revision. Copies of the complete paper 
may be obtained at a nominal cost. 

Chief Engineer, Gas Power Engineering Dept., International Harvester 
Co., Chicago, Il. 
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engines 


will 


are Judged by the amount of maximum work which they 


perform in a given length ot 
on users’ equipment and the 


smaller engine is greatly 


time, not on brake 


result is that the purchaser of th 


dissatistied, despite the faet that his 
engine will develop a 25 per cent overload. 
The foregoing 


is only a sample case of the inconsistency which 


has resulted in many bills or about to be 


how bye Ing Introd iced, 
introduced, in state legislatures, speciiving how an 
rated. lt 


would 


these bills should all pass it 


different 
would be obliged to 


might be that 


require a rating, and thus the manufacturers 


irnish 


a different nameplate in each state. 
It would therefore seem advisable for the manufacturers to get 
together and adopt a standard rating for kerosene engines. If 


standard rating 18 to be of service, it must give eg 


ial protection 


to the manufacturer and the customer, and any formula which is 


obtained must therefore be based upon practice covering a sufli- 


Betore taking up the proposed formula, 
the formule that 
Table 1, 


cient period of time. 
however, the writer wishes to review some ot 


are in use today and which are listed on 


ForMUL.® Now Usep ror Four-STROKE-CYCLE ENGINES 


The A.L.A.M. formula’ is based on the assumption that there 
is developed within the evlinder a mean effective pressure of 90 
lb. per sq. in., that the engine operates with 75 per cent mechani 
eal efficieney, and that the piston speed is 1000 ft. per min. With 
ungoverned engines this formula is perhaps as good as any, but 
for engines operating with governors it is obvious that if a pis- 
ton speed of other than 1000 ft. per min. is maintained, it will be 
necessary to make a correction to cover this point, in which event 
the formula is unwieldy and inconvenient. 

An empirical formula’ which is considered as very conserva- 
tive practice when compared with the various ratings now used by 
B.hp.=0.00006042 D°LNn- 
Before deriving this formula the writer compared the 


engine manufacturers is as follows: 
V /13,000. 


1 Derivation of A.I 
Let HP» =br 
HP 


HP, =rated horse power 


4.M. Formula 
ike horsepower 


indicated horsepower 


4 =area of piston, 8q 
D =diameter of piston, in. 
1 at 0.73 


fy =mechanical efficiency (assumed at 0.75) 


E 
L =length of stroke, in 





n =number of cylinders 
P =mean effective pressure, lb. per sq. in. (assumed at 90 Ib.) 
V =piston displacement per minute, cu. in 
V =revolutions per minute 
3 =piston speed, ft. per min. (assumed at 1000) 
1 PAsNn 90 < 0.7854 D?K10060 Kn X 0.75 
HP» =HPj XE SL rer Heo maaan 
$ 33,000 4 000 x 12 
D% D*n 
or for practical purposes ' 
2.489 2 
2LN 
Also, since s =—— 
90 * 0.7854 D 9LN n 0.75 D°*LNr : 
HP» = a ; se 0.00006693 D{LNn 
4 * 33,000 X 12 14,939 
and substituting V for 0.7854 D°LNn 
90 x V X2 X 0.75 J 
Se SS. a ah 
12 * 33,000 > 4 11,733 
2 Derivation of Empirical Formula: 
0.7854 D®?LNn J 
HP, (recommended) = 73,000 = 33.000 
D?LNn 


HP, = 0.00006042 D?LNn 


transformed) =——— 
16,550 


» 
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ratings ot 115 engines manutactured D\ 61 companies and | 
them to vary trom 8.256 to 19.985 eu per bap kor 
engines were rated using 11,000 eu. in. or less as 1 b.hp.; 29 
11.000 to 12.000 eu. in 1? used 12.000 to 13.000 eu. ine: 10 
13,000 to 14.000 eu. in. and 18 used abo 14.000 en. on 

It will thus be seen that 87 engines or approximately 75 per 
were rated as using less than 13,000 eu. in. per b.hp. an 
this ue | aT ol conservative that me mar ‘ 
might Wis ~ es a standard basis of « par 
allows the engine to develop a tan percentage ol overload 
its rating, sine nv eng should be able to develop as a 
mum 1 b.hp. per 11,000 in piston displaceme el 
Lhe engine su Ml Conmaditio 

At this ft e it seems desirable to eo: pare his me ) 
with thos ready in use, and tor that reason Table 2 

rAl ( 1 xO 1 ENGINI V1 a 
I 
" 

rh prides It should be note however, that tl! ) 

ow e ma un horsepower that can be expeeted tf 

vine but is reference onlv to the rated brake | 

hich should be reasonably expected It one engine ¢a 

igher maximum than another, or, in other words 

od on a lower pistor splacement per minute t! 

tito. he credit is certainly due to the manutacture 

msistently produce these conditions However, practi 

ngines of correct design will develop a maximum horse 

cording to the formula heretofore given, namely 1 b.! 


1,000 


Wit! 


eu. In. piston 


to 


relterenes 


displacement per minute. 
the 


rating of four-stroke evele eng 


Llies, 


l t 
( 
ty ‘ 
a 
oO 
7 
1) ) 
Dp 
‘ 
eon 
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also consider the tractor rating as the inter: COMmD f 
torms 1ts power unit and the tractor 1 ng hereto 
upo! the engine rat rhe ow er ot i ractolr ~ ) 
interested in the amount o owe! it Ga we «ce el I 
ngine but also in the am } can be ‘ ere » the " 
bar at the different sp Here n, he eY rer 
have been inconsistet ! e ratings which tl i L he 
majority OL manutacturers have ollowe ne 1 ! t yal 
horsepower should be considered as 50 per cent of the 1 oO 
the powe! Init and i tual pri ce €O I ! ! of 
experience his seems one a vel Conse! | ( re “4 
s tru¢ that Lin ractor will otten ae elop rreater ar na} orse 
power, but wher taking nto consideration§ the ae I eo 
conditions t] rough W el the tractor 1 st wort ll ‘ 
ol soil and elass of Vo! 1 ou er cel ra yr tor ‘ ' ’ 
16 Brake HP at 500 RPM 
8 Drawbar HP at 500 RPM of the eng 
Drawbar pul 
lb reverse speec es per ! 
lh firs Neer it es per |} , 
b., second speed at es per hour 
»., third speed a miles per hour 
yy ar p ul HP are o Vel 0 0 
eel ) ! ho Oo be tl es ~ I re 
) re ractol ~ out —T 1! ‘ ( te 
ou be one ! t I ove 
Formuns Best A oR : 
he lO ! 0 t ‘ ! would se¢ 
ed to I yr of inter ceombustio ! s ar ra 
0.7854 lrLhN 
Rated engine horsepowe1 . 
LL 
Hl 
1D) yal rst ( 2 
Ti Hl 
Drawbar pu ) } 


O05.020.2 I] 
Motor tora ' " 

’racty ( per ta sting hon 
reguial es rs is prover t! oul ! C-CVElE 
operating o1 erosel \ develop tor periods o vo | ! 
more 1 b.hp. per 00 n. piston displaceme pel 
atew engines have or sho periods ol ea ( ye ) 
tor every YSU « ! ston displacement per mu Lheretore 
making allowances tor general wear, mishandling and prope 
adjustment, the four formule given in the preceding paragraph 
will be seen to be conservative and well adapted tor the 1 yr oO 


this type of e1 


Dr 


vine 


awbar Pull For i 


ould seem best for all concerned that this rating should be F4 =drawbar pull, Ib 
ide the nearest whole horsepower to that determined by the HI lrawbar horsepower 
. : ss S ag 1 in miles per ! 
tandard formula, it being a very easy matter to change the I 
' : . F P HP 00 ( 
ed speed of the engine in order to accomplish the exact rating Then F — : 
Pit) Ss 
In anv event. however, the rated horsepower would not, if the 
° . I) " {iM rT rque I 
foregoing condition is adhered to, vary more than plus or minus 
* = . HP rake h rsepow 
hp. wth of brake a 
W . p at « i of arn 
~ . , \ tions per 1 
PrRactTOR-ENGINE NAMEPLATES ; “rem 
Having established a standard rating for this class of engine, :, ge oe oe 
re should also be a standardized nameplate; to state the horse Wn 
wer alone with no reference to speed is insufficient and mis _ HP 1. 
ding. This nameplate should be clear and concise, leaving no mN 
] ‘ ) Wp 
cause for doubt as to what is meant. 
\ 


¢ 


the internal-combustion-engine rating we must 


considering 














Standards of Carburetor Performance 


By O. C. BERRY,’ LAFAYETTE, IND. 


The type of test which a carburetor is most frequently given to es- 
tablish its merit or lack of merit is carried out in the following 
manner: An engine in good mechanical condition is tested, using a 
carburetor which bears a high reputation. These tests are then re- 
peated, using the new carburetor, and its merits are thus reported in 
terms of the comparative performances of the engine. The results of 
these tests are valuable and convincing, and while they will always be 
the final criterion of carburetor performance, they fall a little short 
of the ideal in that they fail to show the reasons for the differences. 
Several writers have recently pointed this out and suggested that the 
performance of a carburetor should also be expressed in terms of its 
ability to perform those functions which are essential to proper car- 
buration. In order to do this it will be necessary to determine these 
This is a difficult task, but its accomplishment should 
prove of great benefit. 


essentials. 
In this paper a list of the essential factors, as 
now understood, has accordingly been made and some experimental 
data are also presented which it is hoped will help to establish certain 
of the standards of performance. 


CM ATISFACTORY carburation of a liquid fuel depends 
jointly upon the carburetor, the intake manifold, and the 
temperature of the combustion-chamber walls. These parts 

may therefore be considered the earburating apparatus and the 

headings under which are grouped the tests to determine the 
degree of excellence with which each of these parts performs its 
respective functions may all be listed together. These headings, 
expressed in the general order of their importance, are as follows: 

a The range of flow-rate capacities, or, in other words, the 

maximum and minimum number of 

minute that can be handled 

The richness of the mixture as affected by: the rate of flow 

of the air through the carburetor; sudden changes in the rate 

of flow; the amount the throttle is open 

ce The pressure drop through the carburetor at different rates of 
flow 


cubic feet of air per 


~ 


d The thoroughness and uniformity with which the fuel and air 
are mixed 

e The uniformity of the richness of the mixture furnished to the 
different cylinders 

f The temperature and dryness of 
cylinders 


the mixture entering the 


g The temperature of the combustion-chamber walls, particularly 
the piston head. 

The relative importance of these items is largely a matter of 
opinion and will be different under different conditions. For 
example, the capacity for handling large amounts of air is much 
more important in passenger cars than in trucks and tractors, 
while in tractors using kerosene the temperature of the mixture 
and combustion-chamber walls becomes comparatively much more 
important than it is in passenger ears burning gasoline. 


Items To BE INVESTIGATED 


Range of Flow-Rate Capacities. In passenger-car engines 
great importance is attached to flexibility, and the buying publie 
would not consider a car that was notably defective in this respect. 
The power developed by an engine varies almost directly with 
the weight of air used per minute, and the carburetor must there- 
fore be able to supply this air, properly mixed with fuel, through 
a wide range of flow rates. 

The passenger car is expected to idle down to one or two miles 
per hour on high gear and at the same time have a maximum 
speed capacity well above 50 miles per hour. Few carburetors 


’ Professor of Mechanical Engineering, Purdue University. 
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are capable ot furnishing a proper mixture over so wide a range, 
although most carburetors are sold under claims of 
Hlexibility. 


wondertul 


A earburetor is truly suited to an engine only when its flow 
rate capacities correspond to the requirements of the engine, and 
this condition will be attained with the greatest certainty when 
the requirements of the engine and the capacities of the carburetor 
are both given in cubic feet of air per minute. It is therefore 
suggested that the flow-rate capacities of all carburetors should 
be stated definitely in eubic feet per minute, and that this in 
formation should always accompany the statement of the size ot 
the carburetor flange. 

With the carburetor adjusted so that the engine carries its f ill 
torque with open throttle, the air required per brake horsepower 
per minute will remain nearly constant irrespective of the amount 
of gasoline used or the speed of the engine. For the usual pas 
senger-car type ol engine with conipression ratio of about 4 to 1 


this constant is about 2.1 eu. ft. per min. at full power, and 
seldom exceeds 2.3 cu. ft. per min. The air used when idling 
at any speed is almost exactly one-quarter of that used under 
full load at the same speed. With these data, which are based 


upon the performance of the engines tested at Purdue, it is easy 


to compute the air requirements for any « 


ngine of the same type, 
for any torque and any speed. 
Richness of the Mixture. The thermal efficiency of an engine 


at any speed and load is affected more by the richness of the ex 
plosive mixture than by any other factor. It is theretore 
important that the carburetor deliver the mixtur: 
the proper proportions, 


highly 
to the engine in 
at all speeds and loads The riehness 
of mixture giving the best 


efficiency 


the one giving the best 


power and 


must each be experimentally determined for various 


speeds and loads, so as to learn what effect a change in either 
will have on the mixture requirements of the engine. The tem 
perature and the dryness of the mixture must also be varied to 
determine whether or not they affeet the power or efliciency of 
the engine. 

In the Purdue tests the richness of the mixture is expressed in 
pounds of gasoline per pound of dry air. With a dry mixture 
at half load and 1000 r.p.m., regular firing may be obtained with 
mixtures between 0.0575 and 0.12. The best efficiency under the 
same conditions accompanies a mixture of about 0.067, and the 
best power, 0.08. The method used in obtaining these results 
and a few of the characteristic curves will be presented at the 
end of this paper. 

Pressure Drop Through the Carburetor. It is always necessary 
to have the gasoline in the float chamber of the carburetor at a 
lower level than the delivery orifice in order te prevent overtlow- 
ing when the engine is not running, and the suetion in the 
great enough to overcome this safety 
gasoline will be delivered. 


carburetor must be head 


The best attainable condi 
tion, therefore, will be to have just enough vacuum in the ear 


before any 


buretor to cause a satisfactory flow of fuel and air, and no more 


Because of the influence of volumetric efficiency on engine 
capacity the importance of a small carburetor vacuum is very 
great. 

Thoroughness of the Mixing. The thoroughness and uniformity 
with which the fuel is mixed with the air is important. 
the greatest helps in reducing the fuel to a gas is to atomize it 


thoroughly and mix it with the air. 


One ot 


This gives the fuel a larg 
amount of exposed surface and helps to bring all parts of the 
mixture up to the same degree of saturation. 

The mixture in all parts of each individual eylinder must b« 
uniform and the fuel reduced to a gas at the end of the com 
pression stroke or else the combustion will not be complete, thus 
lowering the power and efficiency of the engine and causing un 
even running. Therefore, if the engine runs with a regular and 
even exhaust, the thoroughness of the mixing is probably 1 


rood 
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along with all of the other factors influencing engine performance. 
The best direet test of the quality of the mixing is to have the 
carburetor discharge into a section containing glass placed be- 
tween the and manifold. The best dry 
appear as colorless and dry as pure air, while wet 


carburetor mixtures 
mixtures 
resemble a fog, and in most cases streams of liquid fuel are seen 
following a spiral path along the walls of the manifold. 
Uniformity of Mixture to All Cylinders. 
entering the 
especially when very 


The richness of the 
differs 
Some 


mixture various cylinders often 
wet mixtures used. 


designs also aggravate this condition. The results attained by 


widely, 
are manifold 
any given manifold may be tested by removing the exhaust mani 
fold and observing in comparative darkness the flames from the 
exhaust openings. By adjusting the carburetor for continuously 
leaner mixtures the impoverished cylinders will be caused to miss, 
and then by gradually enriching the mixture the yellowish flame 
will indicate the eylinder with the rich mixture. 

Virture. With the 


increasing difficulty in vaporizing the commercial liquid 


Temperature and Dryness of th rapidly 
the 


temperature ot the mixture becomes a more and mor important 


‘ } 
Luels, 


consideration. Before the fuel ean be burned it must be vaporized, 


The 


dry and thoroughly mixed at the end of the compressior 


} 


and this requires both heat and time. mixture should be 
stroke 
in order to get good combustion, and the gas temperature should 


be as low as possible at the end of the suction stroke, in order to 


keep up the volumetric efficiency. It is therefore desirable to 
make the fullest possible use of the heat in the combustion 
chamber walls, piston head and compression, and to introduce 


the mixture into the cylinder as wet as possible and still be sure 


of having it dry before it is burned. 


It is possible to compute approximately the change in power 


that will accompany a definite change in the temperature of the 


ished to the engine ihe 


mixture tur 


that the 


eompNnutatior 2 pa 


the fact density of a gas varies inversely as its absolute 

















Pic. 1 WiILtys-KNIGHT ENGINE AND EQUIPMENT For TrsTiNG Its 


("ARBURETOR 


i, gasoline tank: B, air meter: ¢ 


F, the 


». manometer; D, heater: / ga jets; 
rmometer; G, water tank 


emperature. Since the power generated in the eylinder varies 


Umost in direet proportion to the weight per minute of the mix 


ture used, it will vary almost in the inverse ratio of the absolute 


mperatures of the mixtures. As an illustration, suppose the 


ngine will develop 12.5 hp. when the mixture has a temperature 
250 deg. fahr. What will it develop when the temperature is 
) 


0 deg. fahr The power times the inverse ratio of the mixture 


emperatures is as follows: 
= 460 + 250 _ 
12.5 17.06 
160 + 60 


his indicates that 17.06 hp. is to be expected with the 60 deg. 


fahr. mixture. As a matter of fact, the temperature in the 
cylinders at the end of the suction stroke rather than the intake 
manifold temperature determines the density of the charge, but 


this temperature cannot be measured. Again, the indicated rather 
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than the brake horsepower is the one that varies with the density 
of the charge, while the brake horsepower is the one that is usually 
the results obtained 


measured. These are the main reasons why 


are only approximately correct. The figures given are from two 
Purdue tests run at the same speed with the same throttle orifice, 
and the power was increased from 12.5 to 16.0 instead of 17.06 
b.hp. 

The 
the mixture the 
difficult 


task of determining the best method of introducing into 


heat for vaporizing the fuel is both important 


and and will require considerable careful experimenta- 


tion. The Purdue tests with the “ hot spot” warrant the con 
clusion that it is superior to any method of preheating the air, 
in that it dries the mixture sufficiently at lower temperatures and, 
therefore, does not decrease the power of the engine so much. 
These tests also indicate that the design of the ot spot 18 still in 
need of experimental development 

Temperature of the Combustion Chamber. When the ixture 
is dry as it enters the evlinde rs, O! the fuel so well atomized that 
it remains suspended in the air and is entirely vaporized during 
the compression stroke, the heat absorbed from the eombustior 
chamber walls does not myprove the earburation. but decreases 











Fic. 2 SCALES FOR WEIGHING GASOLINI AND FLECTRICAL EQuIPp 
MENT FOR STARTING AND STOPPING TESTS 
A, gasoline beaker; B, balances; C, mercury cups; D, magnet 


the power capacity of the engine without improving either its 


efficiency or the way it runs. These conditions, however, are rare. 


A considerable portion ol the fuel usually enters the eylinders 


as a liquid, which collects on the piston head. Under these condi- 
tions the temperature of the combustion-chamber walls, especial 
important. The 


perature should therefore be kept high when the piston head is 


the piston head, becomes very jacket-water tem 


depended upon to flash any considerable amount of liquid fuei 


into a gas. Tl 1s conelusion is engine tests 


borne out by the 


With the air entering the carburetor at 70 deg. fahr. and the 


jacket water maintained at 110 deg., the engine would not fir 
regularly with any richness of mixture. When the jacket-water 
temperature was raised to 200 deg. fahr. the engine would fire 
some of the richer mixtures regularly, and by raising the air 


temperature to 80 deg. fahr. the engine developed full power and 


efficieney and would fire a wide range of mixtures 
THE Pturpue Tests 
The tests at Purdue University were carried out on a Havnes 


Light Six and a Willys-Knight four-cylinder engine, 
Fig. J 


Fig. 2 gives a more detailed iew of 


mounted on 


a Diehl electric dynamometer shows the Knight engu 
mounted ready lor a test. 
the seales and the eleetrieal apparatus for starting and stopping 
Fig. 1, 
This is 
In order to give the balances freedom of 


the tests. The supply of gasoline is piped from tank A, 


into a 2-qt. glass vessel placed in one of the seale pans 
shown at A, Fig. 2. 
motion, the gasoline was siphoned from this vessel to the ear- 
buretor. The balanees B, Fig. 2. 


g were capable of weighing the 
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gasoline to the one-hundreth part of an ounce, and were equipped 
with wires dipping into mereury eups C, Fig. 2, which completed 


The hand 


on the dial of the air meter was equipped with an electrically 


an eleetrie cireuit just when a balance was reached. 


operated clutch and brake, the stop watch was operated by a 



































Fic. 3 POWER AND EFFICIENCY CURVES OF WILLYS-KNIGHT ENGINI 


rhrottie set for half-load Speed, 1000 r.p.m. 


200 deg. fabr. 


Cooling-water temperature 


strong magnet D, Fig. 2, and the revolution counter o1 


JOURNAL 


M.E 


TH 


The object of the first series of tests was to determine the effect 
of changing the richness of the mixture on the 
an engine. It 


performance ol 
mixture that would 


give the best power, the one for the best efticieney and thi 


was planned to determine the 


range 
ot mixtures that 


could be fired regularly. 


Accuracy OF RESULTS 


The 
eally perfect mixture, or the one in which there is just enough 
in the tuel 


that the engine will 


vertical line in Fig. 3 (at 0.0672 represents the chemi- 


oxygen air to burn the and no excess of either fuel 


or air exists. The eurves show run with a 


mixture as lean as 0.05 Ib. of gasoline per |b. of air, but will not 


pull well with so lean a mixture. The test log shows that it misses 
frequently at this power, but that the performance becomes better 
as the mixture is made richer, until at 0.055 it fires every eylinde 
The 0.063, when the 
engine is developing 91 per cent of its maximum power capacity 
with this orifice at 1000 r.pan. The best power accompanies a 
mixture of about 0.08, at which point the thermal efficiency has 
dropped from 17.25 to 14.8 per cent. The richest that 
ean be fired regularly is 0.1275, but the run 
with mixtures Nearly full load can be earried 
with a as 0.115. In 
words, a carburetor can be adjusted with as lean a mixture as can 
be used to 


regularly. best ellficiency is obtained at 


mixture 


about engine will 


as rich as 0.135. 


mixture as lean as 0.005, or as rich other 


and the amount of gasoline ean be 


nearly doubled without greatly affecting the 


earry full load 


power cle Ve loped or 
the smoothness ot 


running of the engine. 


In applving the information obtained from these tests to other 


conditions it must be remembered that these results are tor halt- 
load at 1000 r.p.m. when a warm mixture was used that was 
dry as it left the intake manifold Before applying the cor 


clusions to other conditions, one must learn the 


effect of the load 
carried, the speed and the temperature and dryness of the mix 
ture upon the mixture requirements. power and efficiency of a 


engine. 





the end of the dynamometer shatt was electrically oper- 26 
ated. By these means, when the scales came to a balance 

they would start the stop watch, the revolution counter 4 
and the recording hand on the air meter and ring a . 


gong. 


W eights corresponding to the gasoline to be used 


were then removed from the scale pan, and when thie 


scales again came to a balance the recording apparatus 

was electrically stopped, making it possible to time all 

of the readings together and make the record at leisure ‘ 

from instruments that were standing still. : 
The air was metered through an Emeo No. + gas meter 

B, Fig. 

foot could be estimated. The drop in pressure through x 

the meter was indicated by the water manometer C, Fig. = a 

1. The barometer and the wet and dry-bulb readings on 

a hygrometer were taken periodically, so as to be able 


o 


to determine the pounds of dry air used in each instance. 

The meter was connected by rubber tubing to a heater 
D, Fig. 1, made up of 4 ft. of 3-in. wrought-iron pipe 
surrounded by an asbestos cylinder with a space between 2 


? 





1, reading to eubie feet, so that tenths of a cubie Z os 
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large enough to allow the pipe to be heated by the 
flames from the gas burners FE. The exit air tempera- 
ture was indicated by the thermometer / whose bulb was _ 


The tem- 
perature of the air could be regulated within close limits 
by careful adjustment of the gas flames. 


exposed directly to the air inside of the pipe. Fics. 
In some in- 

stanees a section containing glass was inserted between 

the carburetor and engine, which offered ample opportunity to 
observe the character and behavior of the mixture inside. 

The speed of the engines was read on a tachometer as well as 
being computed from the stop-watch and revolution-counter read 
ings. The torque developed by the dynamometer was weighed by 
means of a sensitive set of This is the same 
as the brake load on the engine, thus making it possible to com- 
pute the power developed by the engine to a satisfactory degree 
ot accuracy. . 


Fairbanks seaies. 


of Gasoline per Pound of Airin} e _ f r , 
AND 5 POWER AND EFFICIENCY CURVES OF WILLYS-KNIGHT ENGIN 
Throttle set for various loads Speed, 1000 r.p.m Temperature, air t« 
carburetor, 150 deg. fahr. Cooling water temperature, 120 deg, fahr 


Errect of LoaAp Upon Mixture REQUIREMENTS 


Figs. 4 and 5 show the power and efficiency curves taken frou 
the Willys-Knight engine running at 1000 r.p.m., but with dif 
ferent throttle orifices. During these tests the temperature of th 
air entering the carburetor was kept at about 150 deg. fahr., and 
120 deg. fahr. This was true of all 
of the curves excepting the one for 92.8 lb., in which ease the 
mixture was heated up to 125 deg. fahr. in a “ hot spot ” and th 


the cooling water at about 
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fahr. Fig. 4 shows that 


the best power at a fixed throttle setting does 


cooling-water temperature was 160 deg. 
the mixture giving 


not vary with the brake load carried, but remains constant at 


about 0.08 At heht loads the engine will not operate well with 


as wide a range 


nearly its full capacity. Fig. 5 shows that with light-load throttl 


settings the mixtures tor best power and best ethic nes 


tend to coincide, but as the brake load 1s increased tlhe 
mixture for best etlicieney becomes continuously leaner, 
until at full load it is 0.062. In the ease of the higher 
brake loads the engine will Init regularly and 1 

smoothly w e lean mixtures which give the li 

efficiencies, but the power developed is reduced cor 
siderably below the highest attamable at that throttl 
setting The most satistactory mixture for genera 


use at or near tull load will therefore be approximat 


0.067, giving almost power and nearly the best 
ene | ! rhe y roulliy r eonditions the mixt 
id better ( ed to approach 0.08, the on 
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e of mixtures as it can use when carrying more 


eleney curves. The best efficiencies at SO and 125 deg. tahr. are 
nearly exactly the same, 18.75 per cent, but at 80 deg. tahr. it a 
companies a mixture slightly richer than for 125 deg. fahr. Each 


t between 125 


increase in temperature 2. 
the efficienev slightly. At 150 dee. fahr. the mixture for the 
hichest efficienev reaches its leanest point, 0.063, and remains the 
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hic. 6 Speep Curves or HAYNES LIGHT SIX ENGIN 


tle set for ilf load remperature, air to carburetor, 100 deg. fa 
Water temperature, 130 deg. fahr. 


r. air gives the most power and the best efficiency, but that 
o low a temperature the engine is unable to use the lean mix 
s. Each increase in the air temperature decreases the power 
} | p to 150 deg. fahr. the ability of the engine to 
From 150 to 300 deg. fahr. 
temperatures the engine develops its best ability to hit regu 

and run 


le engine. 
the lean mixtures also increases. 
with the lean 


smoothly mixtures, firing 


Fig. 8 gives the effi- 


every 


nder with a mixture as lean as 0.055. 





7 AND S HEA \ rest ¢ s, Wu <N EN« 
‘ ~ Lime T ‘ r 

Sil Lit ip) » 2d aey ! L Tie en U nereasing the ‘ per 

re ot the air entering the carburetor above SO deg. tah re 
heretore to « reas ‘ power ¢ ipa I 0 he engine col el 
iv and its elem ’ ve b o make it fire regular whe 

ng ner mixtul 

os, , 10 sh ryves ort sir er ot tes 

vith colder air temperature Fig. 9 shows that with an ai 
temperature ot 61 deg. tahr. the engine coul ise only the com 

ratively rich ou tures and is power capacity wa yreat 
reduced When the an temperature Was increased to 71 deg 
thr. the power was brought nearly up to maximum, but still 
he engine could no re he iner mixture “ ré I 
Kig. 10 s vs tha he etheienc or the 61 deg. tahr. air is ver 
Door, while Lie il (lev tah r was uel iy er but the engine 
stopped betor t reached a lear enough mixture Oo gwive the best 
results. It may therefore be seen that 80 deg. fahr. is about the 
ywwest temperature at which the air may be drawn into a car 
buretor when using Red Crown power gasoline, to gt rood 
carburation in an engine having a 200 deg. fahr. cooling-water 
temperature, It the cooling water temperature 1s lowered the 


temperature of the air will have to be raised correspondi 
vasoline W 


both. 


while raising the quality of the ill improve the per 


Tormanece with cok air. coo] water or 


Kies. 11 and 12 show curves taken from the Wi 


engine using a “ hot spot” between the carburetor and the intake 


This hot 


gas while heating the 


manifold. spot was designed to flash the liquid fuel 


into a air as little as possible he curves 
show that by using the hot spot the engine is able to fire the lean 
mixtures without in turn lowering either its power or its efficiency 
The explanation is that the faetor controlling the power ol the 
engine is the weight of air that can pass through the throttle 


orifice in a given time. The air always being cold when it passes 


this point, the power is not affected by the heat. This is always 
true for a throttled condition, but as the throttle is opened and the 
manifold or valves become the limiting factors in the production 
of power, the advantage of the hot spot decreases, but it does not 
It is therefore clear that the method of introducing 
heat into the mixture by means of a hot-spot is superior in every 


disappear. 


way to the hot-air method, and particularly so when the engine 
is throttled down. 
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liquid fuels other than gasoline. It would also be interesting to 


CONCLUSIONS 
extend the gasoline tests to include wider ranges of speed and 


It may be well to again point out the importance of judging higher compression. 


the merit of a carburating system in terms of the degree of thor- The problem of determining the best method of introducing 


oughness with which the system performs those functions which into the mixture the heat necessary to vaporize the fuel is one 





























of great Importance, especially in connection with the 
d heavier fuels. As a part of this problem it will be 
interesting to determine the actual temperatures found 
= vee 6 in the metal of the piston head and cylinder walls of 
ie 2s automobile, truek and traetor engines, and how these 
: ee temperatures affeet the carburation. 
ct well TS | The tullest discussion of these problems and the 
methods emploved at Purdue in attacking them is 
earnestly solicited, and any suggestions in conneetio 
\ with earrving out this line of investigations will be 
= = received most gratefully by those in charge of ‘ 
S | F as an ae Purdue Engineering Experimental Station. 
a 
‘ t ACKNOWLEDGMENTS 
; The experimental work presented in the foregoing 
’ paragraphs was earried out in the laboratories ot 
Purdue University under the direction of the Purdu 
-_—— —s — ee 2 Mngineering Experiment Station, and has received 
throughout the personal attention and encouragement 
5 of Prot. G. A. Young, Head of the School ot Mecha 
Fics. ) AND 10) CoLp-Atr Test CURVES, WILLYS-KNIGHT ENGIN ical Engineering. Most of the tests were carried out 
rhrottle set for half load. Speed, 1000 r.p.m. Cooling-water temperatu and the computations made by Mr. ( S. NKegerreis, 
200 deg. fahr. tesearch Assistant. It is hoped that the Experiment 
Station will have a bulletin on carburation ready for 
are necessary to proper carburation. It is hoped that a discussion — distribution by early winter, and it is planned to present in this 
of the tople will result in establishing specifications for these tests, bulletin a detailed report of the work which has been summarize 
and that many may join in the task of carrying out the experi in this paper, and also to include such other data as are thet 
available tor pub wation. When avallable, copies Of this bullet 
a may be obtained by addressing C. H. Benjamin, Director of the 





Engineering Experiment Station, Purdue University, Latayette 


Indiana. 


Although there is seant information on the service and cost o 
treated root timbers in cotton mills, paper mills, and other bu 


ings where high humidity causes rapid deeay, a number ot pre 























‘ servative treatments which it will undoubtedly pay to use ma 
r bye sugvested. 
x The steeping process consists merely in soaking the timber 
a a water solution of a preservative such as zine chloride, sodru 
fluoride, or mereurie echlonde. The wood must be thoroug 
seasoned. It is left in the solution 1 day for each ine thi 
ness and 1 additional day. After treatment, the timber shou 
be air dried before using. Speeifie directions for the use of 
process (and they are especially necessary for handling mereur 
chloride) may be secured from the Forest Products Laborato 
Madison, Wis. Zine chloride attacks lead paints, but is ver 
desirable otherwise. Mereurie chloride is very effective, but 
=" poisonous and has a decided corrosive action on steel, so that ste 
c tanks cannot be used with it. Sodium fluoride does not att 
¢: paint, is not corrosive, and in most other respects Is ver\ des 


able. P 
Timbers may be coated with coal-tar creosote by a brush tre 

ment, by dipping in hot oil for 5 to 15 minutes, or the hot 

cold-bath method. This last method consists in submerging 

lumber in hot oil for several hours and then either allowing 

oil to cool down slowly with the wood in it or plunging the we 

into cool oil and leaving it for several hours. 
Although pressure treatments are the most expensive, they 

the most effective because they result in the greatest absorpti 
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and penetration of preservative. Roof planking should ree« 


Pounds of Gasoline per Pound of Airin Mixture 


‘ f = : . . 8 to 12 lb. of creosote per eubie foot, or 0.5 lb. of the salt if z 
Fics. 11 ann 12 “Hor Spor Test CurvVES, WILLYS-KNIGH’ ‘ : s a 
ENGIN! chloride is used. Such treatment should add at least 20 vea 
Throttle set for half load. Speed, 1000 r.p.m. Cooling-water temperature, to the life of Tool plank. ; 
200 deg. fabr. Whenever it becomes necessary to eut into treated timber, 
untreated wood exposed by eutting should be given two bru 
coats of ereosote or some other preservative.—Technical Not: 


ments that will determine the standards of performance in each 
a 5. Forest Servi 


case. Tests are needed showing the richness of mixture that will No. A-3, Forest Products Laboratory, 


give the best power and the one for best efficiency when using Madison, Wis. 








DISCUSSION AT GAS POWER SESSION OF SPRING MEETING 


HREE papers were read and discussed at the Gas Pow 
} 


ver 
session of the Spring Meeting, held on the morni yy ol 
Wi cde sdav, June 18, inde r the auspices of the S ib-C'om 
mittee on Crus Power, Prof, W. T. Mavruder presiding rhe 
titles of the papers were Crude Oil Motors versus Steam 
Engines in Marine Practice. by J. W. Morton; A Suggested For 
mula for Rating Kerosene Engines, by D. L. Arnold: ane Star 
dards of Carburetor Performance, by O. ( Berry. Mr. Morton's 
paper appeared in the July issue of Mecuanican ENGinees 
(p. 009) and consisted of a discussion of the various factors ty 
considered in choosit Lin orm ob motive power tor wat ‘ r 
ind cargo ship (rere rowil a&@ presentation of the advantage 
is compared to steam engines of high and low-powered o 
notors of both the constant-pressure and constant-volume tyy« 
ne rela ‘ ues « our-stroke evele, two-stroke evele, donbl 
‘ Trheolaor were a@iso compared 
alt ‘ ‘ ! ( is brieatior te 
Cuye ! s were a ‘ | 
Mi I Arnol nal er \ " tout ( ere ? 
1) \I \l |? ( () \ 


Lay ! In the paper under diss —M 


tia | i ‘ 
‘ i}? ( ( ‘ 
| ‘ ‘ smois probab ‘ 
rle ' att ‘ 0 ‘ \rmern shinhb d on 
} p ‘ pro or ! fr 
‘ He rear rele Co 
‘ ( ! ( I tui? req red or ! ( ‘ 
mera ‘ ‘ ‘ 
Other = bye yr equ he o engine with the lea ml 
working pat will mos wequately met he re 
ré ie W-cCOsT Do el marti ilar Vso under \1 tT ‘1 
| wor ane re i elv tow tue COSLS 
sf rheealer i perlecte« 0 el ‘ 0 0 
" i ‘ rhipole Possible constructior 0 rime 
0 lislo Liv oul Parke hadrian engine suller I 
! ( re the mechanically Operates ! t and 
I > ( is ariven from the half speed Cauli-s! 
rine! ore ne lor troke slow-speed engine of the ! roke 
vee Chane rhe co prre avorab welght floor Spi I 
| O-ship tvpe ot two-stroke engine. 
With b \ ngle power pulse per eviinder for eve two 
Olutions, the eavy power parts of a four-stroke engine do 
ork tO advantage during the idle inlet- and exhaust-strok« 
“ts Hlence the two-stroke engine is enabled to show a deeide 
geht reduction and consequent lowering in first cost or ex 
role t six-eviinder slow speed two-stroke engine suitable for 


rvo-st 


to deliver 


power for the same 


up propulsion can readily be made 
tely 15, shaft 
tT Spice 

re. This 


rehant 


approxi 
times 


as mue weight and 


as will a four-stroke oil engine ot the same speed and 
ot decided 


advantage 


to be 


is importance when large 


ships are 


engined, since the usefulness of such a 


mover is determined in a large measure by the ultimate 


ver capacity to which a compact six- or eight-eylinder unit ean 
built. 

\nother advantage of the two-stroke engine is that it requires 
mechanically operated inlet and exhaust valves. The evlind 
such oil engines are best charged from the under side of the 
er through inlet the If 
red, the seavenging air supply may be supplemented by ad 
onal low-pressure pumps but this is not essential when liberal 
roportioned injection-air compressors are provided. 


ers 


piston, poorts overrun by piston. 


With this mode of charging a two-stroke evlinder, the timing 
the inlet be 


nts ot and exhaust ports must correctly pro 
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portioned and the shape of the piston deflector lugw must he 
properly designed to produce effeetive scavenging ot the power 
cylinder, otherwise the incoming fresh-air charge w ll blow out 
it the exhaust ports W thout aisplacing the burnt products of 
combustior Deficeiens In OXxVvYe! or combustion of the fuel 
oil has beer responsible Tor the failure of a number ot two-stroke 
engine desig? 
The deseribed mode ot chare ir wo roke power ¢ naer 
reduces the Valve eul rt 0 nin read res © one 
r starting aive and one lt opening en ( der 
head sinee these \ ‘ ! ol \\ ! re ove 
ments, they ma ” eccentric-drive ind reversed b St n 
ink In nen er « i ste el re eu! ne ell ol 
e half-speed cam-shaft dr re of the rok 
! ne that 1 ‘ ! ripple rrippsue ! ‘ 7 
\WI ‘ ‘ ney? ] ( el ‘ ‘ \ 
‘ re | ne a ie I ) he 
Lerenes I Mo ’ 0 4 OI tyle 
o the ‘ ra ! vor re ‘ ‘ ‘ ! 
} ‘ { TT ( 
re , ’ 4 
Oo oft =f ' ) ‘ ~~ ‘ 
| we 
\ _ ] ‘ ‘ ’ 
) ! ( ‘ yeu? } , 
re 4 ‘ | eq hore rie ‘ 
\\ | i) T \ ‘ > 
‘ ‘ ‘ t Lire ‘ 
{ ! re tive prea ! nm ¢ or as ¢ 
‘ I rere ) ( pera re " ! ‘ 
he evlinder-bore w: ne ! 0 ep vit pre 
ribbed lin S troubles re I ol tern ‘ ( ( | 
nder parts will resu 
The ter perature head requires » alrayve ‘ en rate of 
ow through the evlinder wall ine: hickness 
or equal shaft power the bore « ensions ir-stroke « 
ne are abo 1-3 those requir tor vo-stro ( ( 
\ owing Tor rhe } y our-stro ‘ 7 ‘ ind S ° 
equa rotative speeds he rate ot heat low I ne case ¢ the 
vo-stroke ene e sho ot exeeed 5 4 ft obtaines , iT 
roke evlinder of equal power capaerit 
I ! h-spee rine ¢ i | nes vhiel ire l worke 
0 ner 1m ne rate ¢ eat low ( four-stroke evele ¢ rs 
some advantage Q)n the o er hat the relative ow peed 
demanded for ecargo-ship engines is « ceptionally favorable te ‘ 
two-stroke type, since these engines erate inder heat-flow cor 
aitions so moderate as to allow ample cooling of all vital parts 
even in the largest-sized evlinders. It is therefore readi mn 
sible to keep the bore-wall temperatures ot such two-stroke engines 
well below the critical limits required for sate and reliable ru 
ning To further sateguard against fatigue and breakdown. it 


is advisable to 


provide for liner cylinders and such other econ 

structive teatures common in high pows red oil engine practice, 

SO as to @ive the evimder parts the requisite long lift ind’ com 
plete immunity against eracking 

The greater Trequency ot impulse and the cor sequent more 


ve the 


speed control and reduce to a minimum the flywheel effect needed 


even turning effort of the two-stroke engine largely Impro' 
for a smooth-running marine engin¢ 

Still another feature of the two-stroke evele that 
] 


special 


ar 


gives prom 
for rapid future development, is its adaptability to thr 
hot-bulb type of engine. 


Judging from the recent trend of marine oil-engin develop 
ments, it now appears that a combination of 


sure Diesel cycle with the hot-bulb constant-volume eve] 


the eonstant-pres 
is likely 
to overcome the defects of both parent types. T! 
Is especially suited meet American oil-engine requirements, 
since the lowering of the maximum Diesel working pressure t 
approximately that used in the automobile engine will 
the reliability of operation. 


e resulting cyele 
to 
0 
inere 


use 


lhe constant-volume or explosive engine, wher 


1 workir r with 
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a compression pressure of about 250 lb. per sq. in., shows a 
thermal shaft efliciency but little inferior to that of the Diesel 
engine. By further reducing the compression to about 150 or 
175 lb. per sq. in. the fuel economy of the explosive engine 1s 
but shghtly sacrificed, while for a given size of crankshaft the 
weight and cost relations as taken upon the power-output basis 


show a considerable Improvement as compared with the hich 
compression engine, 

An engine operating with the combined type ol cycle should 
be provided with an efficient timed spray valve tor the fuel-oil 


injection, and in large engines this should preterably be ot the 


air-injection type used for Diesel engines. 
When working with such limited compression, self-ignition 
may best be obtained by holding a portion of the products otf 


combustion from stroke to stroke within a water-jacketed vapor 
izer chamber, without, however, requiring the use of a hot plate. 
The trapped hot burnt gases may then be used to preheat the air 
that is pressed into the bulb chamber to a point where it is capabl 
of promoting self-ignition of the injeeted fuel oil. This sets up a 
light explosion at constant volume, after which the remaining 
oil may be gradually fed into the power cylinder in the manne 
Diesel engine. 

While the water-cooled bulb will not of 


ol a 
itself start the engine 
from the cold, it does not require an external flame; instead it is 
only necessary to preheat the small amount of air enclosed withi 
the vaporizer chamber, which may readily be done by means of 
After the first 
plosive charges are thus ignited, the required heat transfer takes 


an electric coil heater or spark plug. few ex 
place from stroke to stroke to make the engine self-igniting. 
The jacketed vaporizer is especially applicable to oil engines of 
the single-acting type, the bulb chamber being preferably formed 
The timed 
bulb 


This arrange 


centrally in the cylinder head about the eylinder axis. 


fuel valve can then be made to inject straight through the 
chamber and directly against the hot piston head. 
ment the for proper 


formation betore striking the piston top, atter which the oil 


gives nozzle considerable distance spray 
charge spreads out over the piston-head surface and intimately 
mixes with all the air throughout the combustion chamber. 
Finally it is pointed out that this late development in true semi 
Diesel engines is especially suited to the two-stroke-cycle engine. 
In the four-stroke engine considerable constructive difficulties are 
involved in placing the mechanically operated inlet and exhaust 
Furthermore, 
in a two-stroke engine the vaporizer chamber may be kept at a 


valves about the water-cooled vaporizer chamber. 


smaller size with respect to the piston displacement, due to the 
fact that the confined hot gases have less chanee to cool off be 
tween power impulses. 

These and other advantages previously cited would indicate 
that a two-stroke semi-Diesel engine along the lines discussed 
the near future find the propulsion of 
merchant ships and be capable of fully establishing the inherent 


should in favor for 


possibilities of a slow-speed oil engine for marine service. 
W. D. Ennis’ (written). The value of this paper would be 
increased if the author would add particulars regarding the 
motors used. The mean effective pressures range from 87 to 91 
lb. per sq. in., values often surpassed by stationary Diesel engines. 
Apparently the cylinders are the ordinary 4-cycle single-acting 
form, but there seems to be no statement of the facet. 

A chief argument in favor of the erude-oil motor appears from 
Table 2, where “repeat orders” in 1916 are quoted for lines 
which began with this construction in 1912. 
since 1916? 

It is to be assumed that the eight factors listed in the second 
paragraph are not presented as a complete list. In fact, the 
author refers to others, admitting a shorter life for the erude-oil 
motor and referring to the absence of sufficient data on main- 
tenance costs. 


What has happened 


He also diseusses what is almost an overwhelming 
disadvantage for any but slow-speed cargo ships, the multiplicity 
of cylinders. The largest cylinder in Table 2 is below 30 in. bore 
and develops only 333 hp. The largest plant listed is 4000 hp. 


‘Acting Professor of Mechanical Engineering, Columbia University, 
New York. Mem. Am.Soc.M.E. 
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It is doubtful whether steam can ever be eliminated in naval 


rractice. Requirements for heating, humiditying and evapora 
1 d 


tors do not tend to decrease. It is even proposed now to use 


steam heat for submarines. It is dillieult for internal-combustion 


engines to displace steam where they cannot displace it com 


pletely. 


Table 1 is obviously based on coal tuel for steam. It oil tuel 


is used, the ratio R directly following the table becomes abo 
?.0 instead of 7-4. 
Forrest ki. CARrpI LLO characterized the adoption ot the Dies« 


and analogous eyeles as a standard as an advance too far in the 


direction of theory. He said he knew of no reason why a satis 


designed whi 


factory producer tor gasifying oil could not be 


would operate continuously at 90 per cent efficiency or ever 


higher. He reterred to the number of times a plant operating 


Diesel or semi- Diesel engines must be order to clean 
the 
actual rehability and cheapness, he believed, was in favor of the 


Lewis H. 


principle ot gasitving oil in some type o 


laid up in 


out engines. The practical weight of experience, and of 


oil tVpe vas-pro lucer tuel. NASH 


concurred 
idea of adopting the 


fas pProducel 


which Mr. Mortor 


pPiants i sleamship 


Llenry B. Oatwey, lable 1 in 
presented the comparative weights ot 


relerring to 


powel 


and motorships, said that in the comparative installations aboard 
the U. S. S. Maumee and Tivga, steam and motor-driven ships 
respectively, the Diesel-engine plant weighed decidedly more thar 
the steam plant. The difficulties of getting high pressure and th 
which the 


temperature range tor the variou 


limitations of superheaters of author spoke whil 


discussing the heat elements of 


types ot engines existed, according to Mr Oatle v. only im othe 


} 


present motor designs, but he saw no difficulty in the furtl 
development of the types which have been successfully operated at 
pressures as high as 500 or 700 Ib. per sq. in Thus, with highe 
pressures and with higher degrees of steam temperature the boil 
plant, in point of weight and size, would become markedly smaller, 
and the contrast in point of space occupied aboard the ship tor 


the steam plant as compared to the motor plant would decrease, 


Mr. 


preferring the 


possibly to the point of being on a par. Oatley fturthe 


eriticized the argument advaneed tor motors 


over the steam-driven ship by reason of the depreciation ot the 
hull heeause of the sulphur content of coal and the amount o 
coal space required in the steam-driven ship, on the ground thi: 
rapid progress had been made in the utilization of oil as fuel to 
all likelihoo 


steam-driven ships, and that this practice would in 
continue to Increase, 


0. C. Berry, commenting on Mr. Cardul.o's 


sugvestion 0 
gasif ving oil in some type of gas producer, mentioned that i 


periments conducted at Purdue University fer the purpose 


finding the best means of introducing into the mixture the he: 
required to vaporize the liquid fuel, it had been concluded th 
two elements are required to get the mixture in a burnable con 
tion. In the first place, the temperature of the mixture must 
hot enough to maintain in the liquid fuel sufficient vapori 
pressure so that the fuel, once reduced to a vapor, will stay ir 
vaporized state and get into the cylinder as a vapor and not 


liquid. 


the sma 
ness of this time element, though the temperatures are hot eno 


The other was the time element. Beeause of 
to maintain the required temperatures, still the mixtures ret 

For t! 
reason, observed Professor Berry, the hot spot had come int 


their wet condition when they arrive in the eylinder. 


automobile practice as one of the solutions for the vaporizatio 
of kerosene, and he expressed his belief that it could be appli: 
to good advantage to the use of fuels heavier than kerosene. 

properly designed hot spot, he said, would eliminate the diffieult 
found in gas producers, where the temperature is often so ho 
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it It Is not possible to keep a high enough compression wit! 


retting 


Mr. 


preignition 


Cardullo said in reply that in mentioning the gas produeet 


ln te nded to eonvev the idea ot the aet ial comb istion ot 


a clean, burnable mixture in thi 


prod wer so as to 


L. H. Jounxson’ spoke of his experience with the two- 
hot-bulb, hot-surtace engine and stated that afte: 


-De se] 


ves rating e various theores advanced to expla mn this tvype 
engine he had finally formulated the following conclusion as 

» its operation: That the oil must be injected into the engine 
the form of a spray or a mist, and if low compression is 


re 


ised, it must be sprayed against a hot surface and vap 


n tl oil gas mixes with the 


air compressed in the chamber 


na explodes by the heat oft compression or the heat stored in the 
nbustion chamber. Tests, he said, had eonvinced him that it is 
essary tor suecesstul operation ol the engine to remove the ( 
of earbon or residue of material that is left in the evlinder 
the experiments to which he referred no trouble had been found 
maintaining the 1 t temperature necessary for success 
6 fron and the main problem had been the eliminati ‘ Tlie 
SCUSSI ( Mr. ArNnoup’s PAPER ON A SUGGEST! ORS 
FOR RATING K EROS! NE EN NES 

Harry F. Smirn’ thought that it would be altogether out of 
ce to emp » create any arbitrary standard of cubie-inel 
placement tor the determination of the horsepower 
rososene-oil engine Hie said he knew of tests recently made on 
stantially identical kerosene-oil engines in which the b.hp. « 





yped differed by 100 per cent, due to change in eylinde r ae 


mew tha t! therma eflicieneyv oft one engine vas 10 
ent better in the other. It seemed to him, therefore, 
manutacturer who was in a position to double the then 


iency of the kerosene oil engine ought to be entitled to w 
benefits might accrue thereby, and not be } indicapper ) 
action of the Society or of state legislatures in 1 his 
e at a certain horsepower according to its size o1 ‘ mber 
vunds of cast iron put into it. 

PFO MONTGOMERY inquired whether the rating of kerosene 
eb ders tro SOOO to VOLOOO eu. om. per b.hp wa mites 
erosene engines or whether it applied also to gasoline 

juestion was referred to the meeting by the chairn 

RIK OTTESEN’ protested against manufacturers of large 


engines having to adopt the formula set forth in Mr. Arnold's 


remarked that in the Ohio State Ur 
formulated a statement 


13.000 or 14.000, 


eronauties the \ had 


h was tairly accurate, that instead of using 


(eu. represented quite closely the horsepower ot a (Curtiss 
plane enwine 1p to 100 per eent capacity, and Increased speed 
that did not giv He 


the 


(for the reason that its overload capacity is not 


e correspondingly increased horsepower 


that horsepower of a steam tractor is unknown w 


like that of 


iler, one or two or three hundred per cent, but from four to 
undred per cent; and that in tests perfomed at the labora 
of the university tractors nominally rated at 20 hp. gave 


100 hp. and kept it up; on the other hand, in actual tests of 
ene and gasoline 
mparative b.hp. tests, many of the tractors fail to operate 
eir rated horsepower and not even their own experts could 


vs get from them what the nameplates indicated they should 
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tractors on blocks, either in field work or 


OX1 


A 


deliver. Such being the conditions in practice, appeared to him 


that by the standardization of horsepower, misunderstandings 
arising from the erroneous interpretation of the discrepancy 
hetween rated and actual horsepower could be avoide He 


further observed that the question was hound to be soor taken 
ip bv the ious legislatures and, as Mr. Arnold said in his 
paper, the conditions at present existing 1 the gas tractor and 


the kerosene tractor would hye aduplheated in the auton 


1 2 
opie 1! 


he Sow ety did not nke promp ( etrect ‘ Step ) translate 
the dea ot a rsepower so as to make t +; rible ty the 
iverace man knows nothing abont ! ( r about 
echanies 

JOHN CH ‘ issented to the ‘ il ! ‘ 7" ‘ oO! 


Mag 


ruder and asserted that he had actually used tor severa 


ears 

e formula proposed by Mr. Arnold and had found » be verv 
eonservative. The formula, he said was intended o yr tr ? 
ind not for stationary engines or other « nes 
DISCUSSION OF Proressor Berry's PAPER ON STANDARDS OF CAR 

| ( |? t [ ( 

ko st KE. Ca Oo remarked tl hie rburetor design was 

itely connected W ! the struc ra at 0 e engine 
vith the form o he admission parts, and espe¢ “ he 

) of the manifold The real problem of carburetor design, 
is lie iW \ o get the combination ot a carbureto 1 inlet 
pol n el e which would give initor! isp ed mux 

e ot ! nutre aropiets alt t the instal Line ir re the 
charge In order to get at this, Professor Berry recommended 
the application of certain si dards to the es yr Oo e Cal 
buretor in order to determine the uniforn of e mixture under 
operating conditions of the engme. But this would not lead, sa 
to the knowledge ot the best kind of a combination carburetor, 
manifold and engine which would enable ar itomobile to elimb 
a rood stiff hill at ten on fifteen miles per hour. nd at the same 
tine give a speed ol three miles per hour i crowded traffie 
street and a speed of fiftv miles per hour on smoot clear 
road. 

Mir Cardullo further observed that a rich mixture ould be 
ecured at the instant of acceleration more by properly designing 
the form of the manifold than by providing methods for inerea 
ng the mixture. Also that by reason of the separator action ot 
the mar ifold if wo ila be Mposs ble to ret a represent sample 

the mixture entering the evlinder, and he believed the proper 
nit o do would be oO analvze he exhaust o i ‘ nder fon 
the proportion of carbon dioxide order to determine whether 
each evlinder was getting its due proportion of gasoline in the 

ixture provided 

THomas J. Lirie, Jr.” observed that in automobile practic 
many difficulties are encountered which do not oceur in stationary 
engine work. With reference to the statement in the paper that 
the best performance is obtained with a temperature of 80 deg., 


he preferred to take the temperature of the n 
the 


temperature of 


xture ent 


block, after it passes through carburetor intake 
He that the 
block, after it passed through the earburetor and intake 

He 


to the niake passage 


claimed red the 


the chara as it ents 
manifold, 


was the controlling factor in motor performance. suggested 


as a tuture line of research work tapping i 
just at the end of the supply pipe and analyzing a sample of the 
mixture taken at that point. To a question of Chairman Magruder 
rasoline 
obtained, Mr. Litle explained that he 
off by lifting the tall 
still. 


In elosing the discussion 


inquiring how that sample of air and vapor was going 


had 


gasometer with a 


to be succeeded in 


drawing it valve of a 


long water 


Professor attention to 


ealled 
the fact that a temperature of 300 deg. on the air in the earburetor 


He had 


Berry 


had been used in all of the tests reported in the paper. 


(Continued on page 718) 
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WORK OF THE BOILE 


NOR the Boiler Code 
Committee, known as the Sub-Committee on Railway Locomo- 


over two years, a sub-committee ot 
tive Boilers, has been engaged in formulating a set of rules for the 
construction of railway locomotive boilers, to be known as Part I, 


Section II], of the A. S. M. E. 


an addition 


oiler Code. The necessity for such 
fact that, while 
locomotives operated on railways engaged in inter 


to the Boiler Code arose trom the 
the boilers of 
state service are covered by the construction and inspection rules 
of the 
a vast mileage of industrial and short-line railroads in operation 


Interstate Commerce Commission, there was found to be 
an the various states, which by virtue of their location, are not 
subject to the Interstate requirements. 

As a 


boilers of 


result of calls for a Code to cover the construction of 


this class, the Sub-committee on Railway Locomotive 


Boilers was appointed in 1916, and great care was taken to seleet 
this Sub-committee 


for the membership ot men 


the 


particularly 
Boiler ( ‘ode 


the tollow 


for work. The Sub-committee of the 


qualified 
Committee on Railway Locomotive Boilers consists of 


members : 


P. 
B..J, 
ALex. C. HUMPHREYS 
S. F. JETER 

Wa. F. Kiesen, JR. 
H. H. VAvGHAN. 


me 


CLARK, Chairman 


COLE 


While the work of this Sub-Committee was interrupted some 
what during the period of the war, its investigations were com 
pleted in the earlier part of the year and a preliminary report was 
submitted to the Boiler Code Committee in April. The prelim- 
printed and distributed at the Spring 
June 


inary report next 


Meeting: at 


motion, the preliminary report of the Committee was aceepted by 


Was 


Detroit in where it was discussed and upon 


the meeting. The report is here published for the information of 
the membership. Any one desiring to discuss the preliminary 
report is requested to address the Secretary of the Boiler Code 
Committee, 29 West Thirty-Ninth Street, New York, . i # 


A. S. M. EK. BOILER CODE 


PART I—SECTION III 








PRELIMINARY REPORT ON 
RULES FOR THE CONSTRUCTION OF BOILERS OF 
LOCOMOTIVES WHICH ARE NOT SUBJECT TO 
FEDERAL INSPECTION AND CONTROL! 







Nore: When this Section is incorporated in the Boiler Code, it will 
be desirable to change the word “ STATIONARY,” to “ STEAM,” at 
the top of front cover and of the title page and on page 3 of the Code. 
Also the italics on will be changed to 
follows: 

** These 

I’ederal inspection and control.” 

\lso to insert, after bracket in line beginning Part 1, the following: 


sentence in page 3 read, as 


rules do not apply to boilers which are subject to 








“SECTION ILI—LOCOMOTIVE BOILERS ” 


SELECTION OF MATERIALS 


L—1 (X—1) Specifications are given in the Rules for Power 
Boilers, Pars. 23 to 178, for the important materials used in the 
construction of boilers, and where so given, the materials herein 
18. 
2) Steel plates for any part of a boiler when exposed 


mentioned shall conform thereto, except as noted in Par. L 


L—2 (X 


‘Numbers in parentheses at the beginning of paragraphs indicate para- 
graphs in A.S.M.E. Boiler Code (Edition of 1918) to which para- 
graphs correspond 


The letters X, \ 


these 


and Z indicate as follows: X—Rules of present Boiler 


Code modified ; Y—-New rules; Z——Interstate Commerce Commission rules. 
Presented at the Spring Meeting, Detroit, Mich., June 1919, of THe 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
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to the fire or products of combustion, and under pressure, except 
ing front tube sheets, shall be of firebox quality as designated in 
the Specifications for Boiler Plate Steel. 

L—3 (3) Steel plates for any part of a boiler, where firebox 
quality is not specified, when under pressure, shall be of firebox 
or flange quality, as designated in the Specifications for Boiler 
Plate Steel. 

L—4 (4) Braces, when welded, shall be of wrought iron of the 


quality designated in the Specifications for Refined Wrought 


Llron 


L 5 (5 Manhole 
jected to pressure, 


and handhole covers and other parts sub 


and braces and lugs when made ot 


steel plate . 


shall be of firebox or flange quality, as designated in the Specifi 
cations for Boiler Plate Steel 
L—6 (6) Steel bars for braces and for other boiler parts, 


except as otherwise specified herein, shall be of the quality desig 
nated in the Specitications for Steel Bars 
L—7 (X 7) Staybolts shall be of 
nated in the Specifications tor Stavbolt Iron 
ie (8 : 


iron of the quality desig 


Rivets shall be ot steel or iron ot the quahity desig 


nated in the Specification s tor Bo ler Rivet Steel, or in the Spee 


fications for Boiler Rivet Tron 


L—9 (X 


ring, tee head, supe rheater header and steam pipes to evl 


12) Throttle and throttle pipe, dry pipe or dry pipe 

inders, 

may be of east 
L—10 (13 


iron or steel, or cast 


ron. 


Water-leg and door-frame ring 


s shall be of wrought 


steel of Class A or Class B grade, as desig 


nated in the Specifications for Steel Castings. The OG or other 
flanged construction may be used as a substitute in any ease 
ULTIMATE STRENGTH OF MatertaL Usep in Computine JonTs 


L—11 (14) In 
pressure, the tensile strength used in the 
plates shall be 


determining the maximum allowable working 


computations tor steel 


that stamped on the plates as hereim provided, 


which is the mimimum of the stipulated range, or 55,000 Ib. per 


Sq. In. for all steel plates, except tor special having a 


rrades 


lower tensile strength. 







rABLE 1 MINIMUM THIE 





L—12 (15) The resistance to crushing of steel plate shall b« 


taken at 95,000 Ib. per sq. 1n. oft cross-sectional area. 
L—13 (16) In computing the ultimate strength of 
shear, the following values in pounds per square inch of the cros 


rivets 


sectional area of the rivet shank shall be used: 
Iron rivets in single shear 
Iron rivets in double shear 
Steel rivets in single shear 


Steel rivets in double shear RR (KN 


The cross-sectional area used in the computations shall be tha! 


of the rivet shank after driving. 














AUGUST 
1919 


MECHANICAL 


IMUM THICKNESS OF PLATES AND TUBES 


L—14 


fhe minimum thickness of any boiler plate under 


pressure shall bye 1 In. 
| 15 (18) The minimum thickness of shell plates, and dome 
priate itter flanging, shall be as follows: 
Wu i Insipe DIAMETER OF SHE 3 
Oo oO 4 t O 
4 « 
lf ‘) he minimun eckness of butt straps tor dou 
rap jon ill be as en in Table 1] Intermediate i 
deter re ny nterpotatior or rolate th «} PSSt exe 
\ hiy } ‘ ot } bu strap } ( " ‘ } 
’ ‘ t ‘ ‘ ' priate 
L—17 (XN 0) he minimum thickness o v sheets for loco 
‘ ) ! ve i roOMows 
\\ ) a “3 
| Is (XN é he minimum we thickness of tubes o1 les 
cst ‘ ‘ mre cts Oo ‘ Dustio 7 ‘ ‘ ) 
ecities ible 2 tor the various pressures and outside 
he hickness in Table 2 is that measured by the B. W 
\l I 1 THICKNESS OF WA OFr FI 
\ W 
ew a permitted Variation mm thlenkness a any c'¢ on 
ne more than 10 per cent trom that specified, except at ( 


of lap-welded tubes where an additional thickness of 0.015 


ill be allowed In the case of superheater tubes whic 


nded, the gag l'» gages lighter 


e ot the expanded end may be 


the swaged end two gages heavier than the gage thickness 
9 (Y The mimimum thickness of walls of briek arch tubes 
be determined bv the following formula 


PD 
16.000 


re P al 


; 


D 


lowable boiler pressure, lb. per sq. in 
thickness of walls, in 


outside diameter, in. 


( . CTION AND MAXIMUM ALLOWABLE WORKING PRESSURE 
FOR BorILers OF LOCOMOTIVES 
20 (179) The maximum allowable working pressure is that 


hich a boiler may be operated as determined by employ ing the 


factors of safety, stresses and dimensions designated in these 
‘0 boiler shall be operated at a higher pressure than the maxi- 
mum allowable working pressure, except when the safety valve or 


es are blowing, at which time the maximum allowable working 
pressure shall not be exceeded by more than six per cent. 


ENGINEERING OS3 

Wherever the term “ Maximum Allowable Working Pressur« 
is used herein, it refers to gage pressure, or the pressure above 
the atmosphere, it pounds per square inch. 

L—21 (X—180) The maximum allowable working pressure on 
the shell of a boiler shall be determined by the strength o ‘ 
weakest course, computed from the thickness of the plat he 
tensile strengt! stamped thereon, as provided for in Speenfie ons 
for Boiler Plate Steel, the efficieney of the lo dir i ‘ 
nside diameter « he course, and the factor o ( 

I's 
‘ ib wrk vrs re , Dp q 
hi Is ; 
I's te tensile strength stamped on shell plates, 
pre ded to Speciiicatio r Bo r P ‘ 
Tet ) r sq 
! ness sii piate eakest 
] efficiency of longitu il 
/ ! ade radius oO the ikest course oO ne sne l, 
Is factor ot satet or the ratio of the ultimate 
ban i = -. aie 
or constructio vere Part III, su 
e above tormu } 
BorLer JOINTS 

F de lS ihe etherene 0 i 0 l I > whiel 

rength ot the oint bears to the treng Oo ‘ oud p [r 
he case of a riveted joint this is determined by ealeula the 
breaking strength ot a unit section ot the oint, considering eacl 
possible mode of f; ire separate i ( the lowest re 
sult by the breaking strength of the solid plate of a length equa 
o that of the section considere: Si \ppen ars. 410 to 
116, Power Boilers, for dé ed metho i ex ples 


IL—23 (X—182) The distance between the center lines of any 
two adjacent rows oO rivets, o1 the pene 1) measures 
right angles to the direetion of the oll . t} Oo reg 
minimum values 
P 

a If __is 4 or less, the minimum value shall be 1.75D; 
i 
) 

b If . is over 4, the minimum value shall be 


wher 
P pitch of rivets in outer row where a rivet in the inner 
row comes midway between two rivets in the outer 

row, 1n. 


pitch of rivets in the outer row less pitch of rivets in 


the nner row where two rivets 1n the Inner row come 
between two rivets in the outer row, i It is here 
assumed that the joints are of the usual construction 


where the etrically 


rivets 


of the 


are symu spaced 


D 
24 


diameter rivet holes, in. 


(X distance from the 


183) On longitudinal joints the 


centers otf rivet holes to the edges of the plates, except rivet holes 
in the ends of butt straps, shall be not less than one and one-third 
times the diameter of the rivet holes. 


25 (X 


ers shall be at 


184) The strength of circumferential joints of boil- 


i 
least 50 per cent of that required for the longi 
tudinal joints of the same structure. 

L—26 (187) The longitudinal 


36 in. mn diameter, shall be of butt and double 


joints ot a shell which exceeds 


strap construction. 


This rule does not apply to the portion of a boiler shell which 
Is staved to the firebox or combustion chamber 


L—27 The 


exceed 36 in. in diameter, may be of lap-rivet 


(188) longitudinal joints of a shell which does not 
ed construction; but 
the maximum allowable working pressure shall not exceed 100 |b. 
per sq. in. 


L—28 (X—190) With butt and double-strap construction longi- 
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tudinal joints of any length may be used, provided the tension test 
specimens are so cut from shell plates and butt-strap plates that 
their lengthwise direction is parallel with the circumferential 
seams of the boiler, and the tests meet the standards prescribed 
in the Specifications for Boiler Plate Steel. 

L—29 (191) Butt straps and the ends of shell plates, forming 
the longitudinal joints shall be rolled or formed by pressure, not 
blows, to the proper curvature. 

L—30 (X—194) The longitudinal joint of a dome shall be of 
butt and double-strap construction or made without a seam of one 
piece of steel pressed into shape, and its flange shall be double- 
riveted to the boiler shell, unless the dome be less than 24 in. in 
diameter, in which case the longitudinal joint may be of the lap 
type, and its flange may be single-riveted to the boiler shell pro 
vided the maximum allowable working pressure on such a dome 
does not exceed 160 Ib. per sq. in., and is computed with a factor 
of safety not less than 8. 

(Y) When boiler shells are cut to apply steam domes or man 
flange and liner, if used, must 


holes, the amount of metal in 


provide strength equivalent to that of the metal removed multi 


plied by the efficieney factor of the 'ongitudinal seams. A height 
of vertical flange equal to three times the thickness of flange shall 
constitute flange reinforcement, using net area after rivet holes 


are deducted. 


BRACED AND STAYED SURFACES 


L—31 (X-199) The maximum allowable working pressure tor 
various thicknesses of braced and stayed flat plates and those 
which by these Rules require staying as flat surfaces with braces 
or stays of uniform diameter symmetrically spaced, shall be calcu 
lated by the formula: 


T° 
P ( 
p 
where 
P = maximum allowable working pressure, lb. per sq. in. 
I’ = thickness of plate in sixteenths of an inch 
p = maximum pitch measured between straight lines passing 
through the centers of the stavbolts in the different rows, 
which lines may be horizontal, vertical or inclined, in. 
( 112 for stays screwed through plates not over y‘q 1n. 
thick with ends riveted over 
( 120 for stays screwed through plates over ,y in. thick 
with ends riveted over 
( 135 for stays serewed through plates and fitted with 


single nuts outside of plate 

( = 150 for stays with heads not less than 1.3 times the 
diameter of the stays, screwed through plates or made a 
taper fit and having the heads formed on the stays be 
fore installing them and not riveted over, said heads 
being made to have a true bearing on the plate. 

If flat boiler plates not less than 3¢ in. thick are strengthened 
with doubling plates securely riveted thereto and having a thick- 
T, then the value of 7 in the formula 
shall be three-quarters of the combined thickness of the boiler 
plate, and doubling plates, but not more than one and one-half 
times the thickness of the boiler plate, and the values of ( given 
above may also be increased 15 per cent. 


ness of not less than 24 


When two sheets are connected by stays and but one of these 
sheets requires staying, the value of C is governed by the thick- 
ness of the sheet requiring staying. 


In eurved sheets of a combustion chamber, half of which is a 


semicirele (radius F, in.) an inereased pitch (p,, in.) based on the 


following formula, may be used: 
EK 


I 
M1 NPR — 2501 
L- ~32 (X-200) The ends of serewed staybolts shall be riveted 
over or upset by equivalent process. The outside ends of solid 
staybolts 8 in. and less in length shall be drilled with a hole at 
least ¥% in. diameter to a depth extending at least 14 in. beyond 
the inside of the plates, or hollow staybolts may be used. Solid 
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staybolts over 8 in. long and flexible staybolts of either the jointed 
or ball and socket type need not be drilled. 
Staybolts behind briekwork, frame braces, or grate bearers shall 


; 


least #: in. diameter for entire length, whieh must 


have holes at 
be kept open at all times. 

L—33 (201) 
riveted to the boiler heads, the stress on such members shall not 
exceed 12,500 |b 


are see rey 


When channel irons or other members 


per sq. in. In computing the stress the section 


modulus of the member shall be used without addition for the 
strength of the plate. This spacing of the rivets over the sup 


ported surtace shall be in contormity with that Sper ified for stay 
bolts. 
If the outstanding legs of the two members are 


astened to 


vether so that they act as one member in resisting the bending 


Thiet mbers 


action produced by the load on the rivets attaching the 


to the head of the boiler, and provided that the spacing of those 
rivets attaching the members to the head is approximately um 
torm, the members may be computed as a singie bean iniform| 


loaded and supported at the points where the through braces are 
attached, 

L, 34 (202 The ends ot stavs fitted with nut sha not be eX 
posed to the direct radiant heat of the fire. 

L—35 (X-203) a The 


rivets or between the edges of tube holes and the centers of rivets 


maximum spacing between 


attaching the crowtfeet of braces to the braced surtace, shall be 
determined by the formula in Par. L—31, using 135 for the 
of <’. 

b The maximum distance between the edges of tube 
the centers of other types ol stays shall be determined by the for 


mula in Par. L—31, using the value of ( given for the thickness 


of plate and type of stay used. 
ec The maximum spacing between the inner surface of the shell 
and lines parallel to the surface of the shell passir 


centers of the rivets attaching the crowfeet of braces to the head 


shall be determined by the formula in Par. L—31, using 175 for 
the value of (. 
d The maximum distance between the inner surtace of the shell 


and the centers of braces of other types shall be determined by the 
to 1.3 times that 
which applies to the thickness of plate and vp ol 


formula in Par. L—31, using a value of C equal 


value of C, 
stav as therein specified. 
to a head or 


e In applying these Rules and those in Par. L—31 


plate having a manhole or reinforced opening, the spacing applie: 


only to the plate around the opening and not across the opening 
L—36 (Y) a When the edge of a staved plat is flat and is 
fastened by 


riveting, the distance trom the eenter line of the 


rivets to a line through the centers of the nearest 


row of stays 
may be made to equal the pitch of the stays as given in Table 3 
plus twice the thickness of the plate 

b When the edge of a flat staved plate is flanged and riveted, 


the distance from the center of the outermost stavs to the 
of the supporting flange should not exceed the piteh of the stavs 


from the table plus the inside radius of the flange 


L—37 (X-204) Where values for serewed stavs with ends 
riveted are required for conditions not given in Table 3. they 
may be computed from the formula in Par. L—31 and ised, 
provided the pitch does not exceed 8145 in. 

L—38 (206) The distance between the edges of the stavbolt 


holes may be substituted for p for staybolts adjacent to a furnac 
door or other boiler fitting, tube hole, handhole or other opening 

L.—39 (X-208) The diameter of a screw stay shall be taken at 
the bottom of the thread, or at the body of the bolt between the 
threads—whichever is the lesser. 

L—40 (X-209) The least cross-sectional area of a stay shall be 
taken in caleulating the allowable stress, except when the stays 
are welded and have a larger cross-sectional area at the weld thar 
at some other point, in which ease the strength at the weld shall 
be computed as well as in the solid part and the lower value used 

L—4l (210) Holes for serew stays shall be drilled full size or 
punched not to exceed yy in. less than full diameter of the hol 
for plates over ; in. in thickness, and ¥% in. less than the full 


diameter of the hole for plates not exceeding 5, in. in thickness. 
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TABLE 3 MAXIMUM ALLOWABLE PITCH N INCHEs, OF SCREWED two methods given above and b the method which tollows, nd 
STAYS, ENDS RIVETED OVER the 


minimum valine obtained sha be used 


| i - % 
’ whicl 
Pr x i ( cre i \ ‘ t) eT 
Lb. x . ; 
< I ~ im 2 ~ nu ed eo - % ” eT \ CO adered 
! . 
none tral erse rl ne ! ol ? x 
| | ‘ ty er 
trai Ty wing a) \ ~ ? 
} nN mut eticren 0 ! me! ! ) oll o! 
‘ ‘ } 
i\ ‘ 
i hiekre rye ‘ 
se : I rad of wrapper shee 
, P vo ! t ire ot bore ! rT 
r 
‘ . 13.500 allowable stress, lh. ner i ’ 
. ‘ 
L—44 (X—213) A seg dh 
‘ hrougl ‘ re i ecrowloot « < 
. , | mb (A\—214 The area « eo) en ed 
i tame he she ‘ ‘ | y ane { | 
Ser ol | ‘ ee of j ised 1 ) rie ] er of rhe 0 \ 
; ng values 
] d the outer radius of the fla e, ft exceed sf es 
he thie ess of the head 
and then drilled or reamed to the full diameter The holes shall 5 1 
; . , ) 
be tapped fair and true, with a full threae : I 
I #2 (211) The er of ste ipo ‘ hy 
wher 
be thoroughly anneal — 
/ Instavesr d fance tron ‘ 
L 13 x 212 a | ¢ maXinum aliowable wort pressure 7 thi +] 
‘ ness a ‘ if - ‘ err ~ 
lor any curved staved surtace subject to internal pres ire si L be P xi wail worki . } ; , 
. , . ha I oy re OTKII | eSSUT'’ ) ye] sq ! 
obtained by the two tollowing methods, and the mu — \ TI { t for hy t } I } { t { } } { 
‘ ent LO} races 0 me} en al ror ty ehes 
obtain shi | used 
ola . me should be distributes 20 as not to eoneentrate the stress on any one 
t they 1 ] ] ] vy , 1 } . ‘ } 
rs t naXxill hh AIOW; ¢ WOrTkKI! pressul Shi ee ied . 1 
— _ Pe ” section; preferably a proportion of the braces should be attached 
: ' I 
wit t allowing for t holdins mower Of fl S tue } } 
hou illo ol he hold ow omy ( ( ‘ «i to the second eourse from the back head or front tube sheet 
allowance he ne made tor the weaker ng eflect of the holes Y \ ve } hall } ‘ +} ssf 
: oO SUuUDDO?! ny Value sna e assigned o 1A 6S iness of 
for the stavs lo this rressure tl shall be added tl 1 . ‘ 
i ‘ l pore re ere i ’ ‘ + side liner plates o7 flat surfaces, except as provided # | * 
pressure secured DV the Torimula tor braced and taved sur | 16 X 1 Tr ealenlatin : ae , wes agon ] how m 
me: on ox ail ili it = ss OT m1lawy li “Le s l 
faces given in Par. L ot, us 0 tor the \ ‘ ( 


Pars L 17-48 the angularityv of the ta ! <t he ft el ! ) 


puted without allowi yr tor the holding powell ot the stavs, L, 17 X 993 \ . p anc halac } eonforn . ies - 
due allowance being made tor the weakening effect of the auirements in Par. } er i ' de 
holes for the stays lo this pressure there sha be added To determine the sizes that shall he sed, proceed as follows 
the pressure corresponding to the strength of the stays for iain li aad cela ee a eR ie 
the stresses given in Table 4, each stay being assumed bv first computir he total le he « d by hrace 
to resist the steam pressure acting on the tu re ot the aad diutRten the tated le i ee ak dil a 
external surface supported by the stay i. Tie. « 
a ee ee ee ee eee ee 
TABLE 4 MAXIMUM ALLOWABLE STRESSES FOR & 1s LD shall be at least equal to th “required eross-sectior area 
STAY BOLTS ot the brace 
3 Make the area ot pins to resist double shear at least t] re¢ 
quarters of the “ required cross-sectional area of the brac 
st es, Lb. Per Sq. 1 + Make the combined cross-section of the eve at the side of the 
pin (in erowfoot braces) at least 25 per cent greater than 
" . de | — | the “ required cross-sectional area of the brace.” 
: x ng 5 Make the eross sectional areas through the blade of diagonal 
braces where attached to the shell of the boiler at least 
: . equal to the required rivet section: that is, at least equal to 
nn ees sagensiae one and one-quarter times the “required eross-sectional 
through plates with ends area of the brace 
hesceee tation ar 6 Design each branch of a erowfoot to earrv two-thirds the 
ae we Sayesear toe — total load on the brace 
sienee cs prio att pce . SOM 7 Make the net sectional areas through the sides of the crowfoot. 
Chiciadiied dtinees lt cml eae. tee irons, or similar fastenings at the rivet holes at least 
{ welded stays, except as equal to the required rivet section: that is, at least equal 
specified in line a and line } OK SM 


mY -pesenonbe- sein as pat to one and one quarter times the “ require d eross-sectional 
area of the brace.” 

8 Make the combined cross-sectional area of the rivets at each 
end of the brace at least one and on quarter times the 
. required cross-sectional area of the brace.” 

er sheet of a locomotive-type boiler shall be determined by the L—48. (X 


6b The maximum allowable working pressure for a stayed wrap- 


224) Gusset stavs when constructed of triangular 
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web plates secured to single or double angle bars along the two 
sides at right angles shall have a cross-sectional area (in a plane 
at right angles to the longest side and passing through the inter- 
section of the two shortest sides) not less than 10 per cent greater 
than would be required for a diagonal stay to support the same 
surface. assuming the diagonal stay is at the same angle as the 
longest side of the gusset plate. 

L—49 (X—230) Crown bars and girder stays for tops of com- 
bustion chambers and back connections, or wherever used, shall be 


proportioned to contorm to the following formula: 


; Cx<d<t 
Maximum allowable working pressure TWoP) xD xt 
where 

IV = extreme distance between supports, in. 
P = pitch of supporting bolts, in. 
DD distance between girders from center to center, In. 

d = depth of girder, in. 

t = thickness of girder, in. 
( 7000 when the girder is fitted with one supporting bolt 
( 10,000 when the girder is fitted with two or three sup- 

porting bolts 

( 11,000 when the girder is fitted with four or five sup- 


porting bolts 


( 11.500 when the girder is fitted with six or seven sup- 
porting bolts 

( 12,000 when the girder is fitted with eight or more sup- 
porting bolts 

Example: Given W 34 in., P 10 in., D 1.49 M., @ 7.0 


» 


in.. ¢ 2 in.; three stays per cvirder, ¢ 10.000; then substitut 


ing in formula 


Maximum allowable working pressure 
10,000 * 7.5 K 7.5 & 2 


(34 tm) M 4 


(Y) In boilers with crown bars supported on firebox side sheets, 


161.1 lb. per sq. in. 





== +) 
iD A Dw 


and sling stays, the sling stays shall be considered as carrying the 
entire load. 

L—50 (248) Tubes. Tube holes shall be drilled full size trom 
the solid plate, or they may be punched at least }2 in. smaller 
in diameter than full size, and then drilled, reamed or 


full size with a rotating cutter. 


finished 


L—51 (249) The sharp edges of tube holes shall be taken off 
on both sides of the plate with a file or other tool. 
L—52 (X—250) The ends of the tubes shall be substantially 


rolled and beaded, or rolled and welded, at the firebox or combus- 
tion-chamber end, and rolled at the smokebox end; 10 per cent 
of the flues at the smokebox shall be beaded. 


RIVETING 


L—53 (253) All rivet holes and staybolt holes and holes in 
braces and lugs shall be drilled full size or they may be punched 
not to exceed 14 in. less than full diameter for material over ;4 in. 
in thickness, and 1% in. Jess than full diameter for material not 
exceeding in. in thickness, and then drilled or reamed to full 
diameter. Plates, butt straps, braces, heads and lugs shall be 
firmly bolted in position by tack bolts for drilling or reaming 
all rivet holes in boiler plates, except those used for the tack bolts. 

L—54 (254) After drilling or reaming rivet holes the plates 
and butt straps shall be separated, the burrs and chips removed, 
the plates and butt straps reassembled metal to metal with barrel 
pins fitting the holes, and with tack bolts. 

(X Rivets shall be of sufficient length to com- 
pletely fill the rivet holes and form heads at least equal to those 
shown in Fig. 20, Part I, Seetion I. 

L—56 (256) Rivets shall be machine-driven wherever 
sible, with sufficient pressure to fill the rivet holes, and shall be 
allowed to cool and shrink under pressure. Barrel pins fitting 
the holes and tack bolts to hold the plates firmly together shall 
be used. A rivet shall be driven each side of tack bolt 
before removing the tack bolt. 


L—55 255 ) 


pos- 


ach 
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L—57 (257) 
heads shall be 
plane of the plate, and as near thereto as practicable. 
the ot 
butt straps and heads shall be planed, milled or chipped to a 
1 


The calking edges of plates, butt straps and 
70 deg. to the 


Kvers 


beveled to an angle not less than 


portion of sheared surfaces the calking edges of plates, 


depth of not less than ¥g in. Calking shall be done with a round 


nosed tool. 


L—5d8 (X—265) <A locomotive boiler shall have washout hand 
holes or serew plugs, as follows: One at each corner of firebox 
just above mud ring: one in baek head over fire door: one or 


more on each side of roof sheet above the level of crown sheet, 


which shall be staggered on opposite sides; one or more in barrel 


ot boiler; and one or more in back head above crown sheet. 


(Y) Serew plugs must have at least four full threads in the 
sheet, including reinforcement, if such is used. 
L—59 (Y—268 All 


safety valves when 


} 


lor myector checks, whistle, 
all 


, and all unstayed surfaces when diam 


holes and 


screwed into boiler, and holes in boiler 


1 


barrel, firebox, root shee 


eter ot the hole is over oly In. and exeeeds $1, times the thiek 


ness of the plate, must be reinforced with a liner or flange riveted 
to the boiler. 


The thickness of the Imer or flange must be at least 75 per 
cent of the thickness of the plate. The rivets must have a shear 
ne strength ot at least 5D per cent of the ter sile strel oth ot he 
metal removed. 

SAFETY VALVES 


; 


L, 60 (7 269 ) Every locomotive boiler shall be equipped with 
capacity ot 


it least two safety valve 
to | 
pressure more than 6 per cent above the specified boiler pressurt 

L—1 (Z—271) Safety valves shall be set to pop at pressures 
not exceeding 6 b. W hen 


whien 


Ss, the which shall be suff 


erent 


revent, under any conditions ot serviee, an accumulation oft 


above the working steam 


pressure 


1, one ot 


setting safety valves, two steam gages shall be 
that it full 
such and if the pressure indicated by 


3 lb. 


boiler, tested and corrected before the satety valves are set. 


user 
will be 


valves; 


must be so located in view of the person 


engaged in setting 


the gages varies more than they shall be removed from the 


Gages 


shall in all cases be tested immediately before the safety valves 


are set or any change made in the setting. When setting safety 
valves, the water level in the boiler shall not be above the highest 
gage cock. 
L—62 (X—272) Safety valves may have the seat and bearing 
surface ot the disk inclined at any angle between 45 deg, and 90 


the spindle. The valves shall be rated at 


dee. to the center line ot 


a pressure 3 per cent in excess of that at whieh the valve is set 


to blow. 
All safety valves shall be 


that no detrimental 


shocks are produced through the operation ot the valve 


so constructed 


L—63 (273) Each satety valve shall be plainly marked by the 
manufacturer. The markings may be stamped or the body, cast 
on the body, or stamped or cast on a plate or plates permanently 
secured to the body, and shall contain the following: 

a The name or identifying trademark of the manufacturer 

bh The nominal diametet 

c The steam pressure at which it is set to blow 

d Blow 


pressures 


down, or difference between the opening and closing 


e The weight ot steam discharged in pounds per hour at a pres 


sure 3 per cent higher than that for which the valve is set 
to blow 
f A.S.M.E. Std. 
L—64 (X 
following manner; 
need not be provided: 


By making an accumulation test with fire in good bright 


275) Safety-valve capacity may be checked in the 


and, if found sufficient, additional capacity 


condition, and all steam exits closed, and fire foreed 
under these conditions, the safety valves should re- 
lieve boiler and not allow an excess pressure of more 
than 6 per cent above the working pressure. 
L—65 (X—278) Each safety valve shall have full-sized direct 
connection to the boiler. 
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sal 


L, Ob (X 2ty If aso iffler Is used on a ery valve it shal] lly pro . 
have sulhieient outlet area to prevent back pressure from inter 


fering with the proper operation and dischare capacity of the L—80 (X-32 After a boiler has been completed, it shall b 


! | 1 ‘ 1 } , . t | } tat { t { = } 
aive, | ¢ mu Cl pila es or other devices shal] he SO CO structed ibjected va arostath cs 0 20 pel ceent above the maximu 
‘ ‘ } 1 1] all , 
as to avoid any possibility of restriction of the steam passaces allowable working pressur¢ "he pressure shall be under proper 
due to deposit control so that in no case shall the required test pri ire Db 
; exceeded by more than 6 per ce 
L, 4 Psst) W hen a boiler is fitted with two or mors safety \ i ) re al pe! I 
, ~ st) ) ne’ a wa r 
al es oh obe connection, this connection to the ho ley S 1 L, | _ = d ee _ © salt . Or 
| ( . 
a e¢ross ection al area not less than the combined rea « . ‘ aivVes i TT re oved or eae i ‘ ad S il] ay ‘ ; te 
; wales ith. estes ies eamntieiles eat b ‘ esting lamp, and not by serewir ‘ ‘ 
COMPression SCrTreV DD the spr 
| OS \ S | ( ( ana a sks oo siile \ a > me ) 1 ' 
> | O06 X ? I la r 4 r plates in? os na 
no errous material an 
‘ - n ft bye , ‘ { ‘ ' 
| Oy 28-4 Springs 7 n sate ives i , , are , t I ive a ¢ ol 
' . tiie amps pecified in Pay { rary Sect 
perl rie st exceed 4 rn len ! es i er Del ‘ ( ‘ } . 
is Lo be pila \ ( ri tive ) Ss CO! ete ] ) 
I L cold ¢ Dressiolr esl closing Lhe sprir So) ’ \ 1} 1 ‘ 
ill ive eas I wup ! 
rT oO ected haut the valve c«¢an t ro ~ i ] 
dentiieatio wher 1 1) pniets 
‘ si one ‘ ! he diameter of the seat wlore the ¢o ! ( ) ( 
L—83 (X 2) Kae voller i rm in ever 
or betlore there s other nlerlerence > 
; , One R ies ma a a ads ~ Te \ ‘ 
| ( (L380 espri na satetv valve shall not b ( ( } 
: wv n | 2 Part I. Se denot f eh 
! re} re i I per cent ab eoor beloy 
nstructed in ac dance therew 
‘ ae ned 
cs After obtainnu thie imp to be sed | ‘ 
L, il 4 \\ ( ilve hody s marked w Ps 
. cted ee ! A.S.M.I Boil ( ‘ 
ASM. ste is required by Par | 4 = ) ‘ 
spector. 1 Inicipa nspector. o7 ! nector emnlove T 
) ‘ i ‘ aT the i i eal ori: ; ‘ 
! nsurancs " ad ( ) ? 
ere “1 ol 
t } —IT ‘ ‘ 
| \ "Wy ) r sia ive pro 
. ) ‘ ) 1 
‘ ‘ ‘ ( I " ( ‘ 
‘ ‘ } ( ‘ i! l ) - 
‘ ire Peel | rT] ‘ ! 
ve made ne be t ‘ rive Sal ea " 
! iren ‘ ‘ ( 
eat " wn. ‘ ) or el ( | 
) ‘ W the Cod ep ce i ‘ ‘ 
X20] | wiler « ‘ e} 
reset et sree ? } or rye c ‘ 
i l ‘ ’ ior’ cin ~ aT Yi y ty) 
AS ME. ¢ stam} e build naam e SE 1 
? l ‘ ‘ race COCKS lor Dbollers ey 
t thy I \ « ‘ Y al « ned 
mete 
vor : , d e inst | ‘ ‘ er 
\ We re coe} uel othe ‘ est re ! 
A =S il yA I above Tie rhes wl 
heet on bonlers 30 n diameter and under, and 3 r bower 
er 26 ‘ meter These are mini mi dimens ! 
irge locomotives, and those operating on steep orades, th ‘ ft 
ould re Inereased iif ecessaryv to compensate lor chance ot 
wate! le el or deseet! cy rrades 
= X-292) No water-glass connection shall be tted with 
I ito tie Ss it-oll valve 
Ly 7D (Z-296) Every boiler shall have at least one steam gage a ~ w 11 ! Las . 
will correctly indicate the working pressure (are must MECHANICAL ENGINEERS 1 ORM S 
) wake! wate ( ae ol it if vill hye kep ( il Coo 
nd «an be eo mently read bv the eng emal 
‘ we shal ive i siphon o unple ecanae ] ent vil the stamp on the boiler, sha ene i S I ructu 
eam enteru eC Tact Ihe pipe conne ms I ( nh accordane Wit! e A S.M.E. Boiler Code 
boiler direet, and shall be maintained steam-tight betwe boiler Each boiler shall be stamped adjacent to the symbol ; Ow 
and gage. The phon shall be of brass, copper or bronze compo n Fig, 24, Part I, Seetion I, with the following items, wit e! 
s of about one-half inch between the lines 
- 17 Bal of ¢} team gave shall be graduated te ’ 
L—76 (29% The dial of the steam gage shall be graduated | Manufacturer's serial numbe1 
! ‘ Aon +) , Th al] ib] rking pressu ) ] 
less an 1?. eS e maximum allowable worl ur as State in which boiler is to be used 
mn ti } ley 4 f t , ! 
the boul , Manutacturer’s State standard number 
L—77 (298) Each boiler shall be provided with a valved con +. Name of manufacturer 
nection not less than 14-1n. pipe size for attaching a test gage 5. State’s number 
‘ } ° he ¢ - howl 
vhen the boiler is in service, so that the aceuracy of the boiler 6. Year put in service 
P : cme } as ental - 
eal rage can be ascertaimed., ij. Working pressure when built 
Items 1, 2. 3, 4 and 7 are to be st ed at the shop wher il 
“Tren. ) PT N - . } 
FITTINGS AND APPLIANCES Items 5 and G are to be stamper the proper authority at point 


t78 (%.913 Locomotive boilers are to be equipped with at of installation 
east one blow-off cock located at the lowest water space prac L-84 (X-333) The stamps sl all be located on the boiler head 
icable, directly connected to the boiler, either with screw connec in the cab and should not be covered by lagging and jacketing 
ons or flanged. if the boiler head is lagged. 

L—79 (X-315) Eaeh boiler shall be equipped with two in- L-85 (X-334) Each boiler shall be equipped with a metal badge 


ectors, or two pumps, or one injector and one pump, with plate, showing the maximum allowable working pressure, which 


eparate delivery pipes connected to the injector checks. The shall be attached to boiler head in the cab. If the boiler head is 
vater shall be delivered to the boiler at a point nearer the Tront lagged, the lagging and jacketing shall be cut away a sufficient 


an the baek flue sheet. amount to leave the plate visible. 
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FORM OF STAMPING 


Use of the Boiler Code in Universities 


Recognition of the value of the A. S. M. E. Boiler Code as an 
this important braneh ot the 


industrial field is indicated by its growing use in technical schools 


standardization in 


agene\ tor 
and universities as a reterence work or texthook. There has been 
found to be a growing number of engineering departments in the 


universities of this country which are either utilizing the Code as 
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a reference work, a textbook or as a manual upon which to base 
their instruction in boiler design. 

A. M. engineering, 
Rensselaer Polytechnic Institute, Troy, N. Y., and member of the 
Boiler Code 


partments of the 


Greene, Jr., professor of mechanical 


Committee, recently canvassed the engineering de 


various universities and technieal schools in 


order to learn the present status of the Code as an instructior 


result is of more than usual interest. For the con 


work and the 


venience of those having occasion to Investigate this matter, the 


following summary of reports from engineering departments is 


riven. 

textbook 

Massachusetts Institute of Technology, Shettield Scientifie School, 
Yale University, Armour Institute of Technology (Chicago), Case 


School ot Apphed Sciences 


lhe following universities use the Boiler Code as a 


Vermont, 
University of Cincinnati, Johns Hopkins University (Baltimor 


(Cleveland | niversity ol! 


University of Michigan, University of Minnesota, and Rensselaer 
lexas 


a textbook 


Polvtechnie Institute. Rutgers College and University of 


to make use of the 
book at tlre following unl 
. New Mexico ( ollege 


Tular t 


start with the coming veal Code as 
The Boiler Code is used as a refterene 
versities: Vanderbilt University (Tennessee ) 
Mechanie Arts, 


University of Colorado, University ot 


of Agriculture and University ot 


Washington, 
Wvroming, Virginia Polytech 


Louisiana, 
University of Maine, University of 
nie Institute, and 


Washington University (St. Louis). 





CORRESPONDENCE 


~ — —_ 7 . . : : 
(= ['RIBUTIONS to the Correspondence Departments of MecHANICAL ENGINEERING by members of The American 


Society of Mechanical Engineers are solicited by the Publication Committee. 


Contributions particularly welcomed 


are suggestions on Society Affairs, discussions of papers published in this journal, or brief articles of current interest 


to mechanical engineers. 
Contributions on Society Policy 
Mr. C 


In our efforts to place the organization of The American Society 


ALVIN W. Rice, Necretary: 

ot Mechanical Engineers well abreast of the agencies making for 
unmindtul of the lessons 
the past if we fail to give special attention to the development 


an ever-greater America, we should be 


ot 
of the mechanisms making for tree discussion and free speech. 
Hence it is that the policy which is to control the conduct of the 
MECHANICAL ENGINEERING is by 
no means without its importance in the whole scheme of A. S. M. 
EK. activities. Should it 


the principal outlets for comment on, and constructive criticism 


Correspondence Department In 
not be so conducted as to afford one ot 


of, the Society’s management and affairs? This is not now its 


function. In the six issues, January to June of this year, there 
have been published twelve (12) communications occupying about 
as many pages and every one ot these letters is devoted ex« lusively 
During the 
months there has not been published a line of 
Society 


to some technical phase of engineering. past six 
* suggestions on 
which are 


kind of contributions 


si particularly welcomed ” according to the announcement which 


affairs,’ which is the 
stands at the head of the section. This fact is especially significant 
because during this six months the affairs of the Society have 
been under special investigation at the hands of the Committee 
on Aims and Organization. 

The late Dr. S. Weir Mitchell, shortly after I was put in charge 
of Philadelphia’s public works, made the suggestion that we 
should adopt the policy of not only weleoming complaints and 
constructive eriticism but of actively organizing to secure them. 
He rightly considered such an attitude as fundamental to the 
building up of our work. Following his advice in the next few 
months we handled over 100,000 complaints. But with all out- 
lets for criticism thrown wide open and every effort being made 
by our organization to remedy the causes of criticism, it was not 
The 


character of the criticisms also became more constructive and we 


long before the volume of complaints began to recede. 


began to receive letters of commendation in increasing number. 


I am confident that no really great program making for progress 


can be executed in any field without constantly affording every 


one at interest a broad opportunity tor comment and eriticism 


“ Formulated rules for the acceptance or rejection” of con 


munications of this character should be very simple. 


Especially 


in the beginning I would publish everything offered unless ther 


IS an overpowering reason against doing so. At the present time 
the feeling is quite prevalent that the doors to eriticism are not 
wide open. Until confidence in this matter is fully established the 
As our 


membership constitutes a carefully selected group the expectation 


editor is not likely to be overwhelmed with suggestions. 
1S decidedly against the necessity tor the rejection ol eontribu 
for cause. 
should be 


tions 
peal 
for cause. 

The democratization of the A. S. M. E. 


In order to fully establish contidence an ap 


provided where a communication is rejected 
will bye impossible ex 
cept as this and other channels for critical comment are throw: 
We need to that the 


cure for democracy is more of it. 


wide open. remind ourselves constantly 


Morris LLEWELLYN COOKE. 


Philadelphia, Pa. 


To Mr. Cooke's letter the Secretary has replied as follows 
that MECHANICAL ENGINEERING ean be 
proved and developed in various ways and the problem of how 


It is recognized 


best to do that is now being given careful consideration by mer 
with publishing experience and having a thorough acquaintance 
with the Society’s organization and activities. 

On account of lack of space and for other reasons which it is 
not necessary or desirable to specify for the moment, it has been 
impossible to do immediately all the things that were perceived 
to be desirable, and a number of them have had to be deferred 

One of these is the further development of the correspondence 
department in MECHANICAL ENGINEERING which you now ad 


voeate. No communications of the character you so wisely sug 
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gest havi heer recelved, ¢ recep possibly Mr ( rawtord’s w 


which I assume you are familiar, and my reply to that was in 
ellect that we were already doing what he proposed, but never 
heless t he would condense his lette r we would be vlad Lo pub 

I Ile never came bach 


It is hoped that the crowded condition of MECHANICA | 





GINEERING Will soon be remedied, as it is veneral Lrre$ ‘ 
would be very desirable to afford, by means otf our ourna i 

channel of communication between members of the Scej | 
onl chnica itters, but upon Soeiety affair 


(Al nw W. Rice. Seer: y 


Fire Engines and the Essentials of Fire Fightine 


i ’ 
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4 re nm « 
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‘ tw. Derio;r ‘ ~ ‘ | “*t I 
‘ i W ) ected 
vi driven pump are dete 
ile ‘ ‘ { - t l = | 
developed by the as 
ln lo the casual read 3 
}>}) I I I ( luous, vet the i re oO me t! axio 
‘ I el cos iny biulactul ] 
\ tre ) 
i \\ eT h | ‘ ‘ its t ? 
214 in diameter cannot b 
i \ T ed I easing ‘ ho it 1) ~ tye a 
{ er ( (Pt) 1 IS Tnhanele ? i i I ean ) 
eri ed observe ved tha ‘ reuse ! ective 
( reac! wher ho it pressure Was lIhnereast a yond 
M) Tb vas no r lo ip to 150 Ib. pressure and that 
Lhe no i? pressure Was increased bevona Ld0 lb tiv effec 
ert eile iit reased, This aecrease Wis ¢ dently due 
e increased resistance which the air offered to the surtace 
Wiails 1 s I is evident l il a press ‘ rom dv 
0 », at the 0 e is required to develop elhcient streams 
a sets rre OZZICS deek rulis wide! Les ad wate 
ers: tor hand lines, eve when operated by traimed men, 60 
SO Ib. is sullicient There are a tew cases, wever, wher 


ressures in excess of 100 lb. may be of some advantage on 2-u 
d 2'4-in. tips Kor instance, in overhauling lumber wh 

ked, overturning walls or breaking through obstructions when 
e nozzle ean be brought up close, and horizontal or vertical 
ach are not desired, pressures as high as 200 Ib. at the nozzle 
able the operator to take advantage of the added momentum 
the stream and accomplish more etlicient work. 

In passing, it may not be out of place to remark that one of 
e best methods of placing a fire stream in favorable position 
r observations is to earry them out at night with the stream 


rected between a bank of electrie lights and the observer. 
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WW t 
he sueeesstul fighting of a fire «e pends mtu ) ( 
development of powerful hose streams and these 1 rn deper 
upon the efficient operation of the pumpers or steamers An 


untrained and unexperienced enyvineer mayV so operate an engine 
that is in first-class condition that it will not give as good service 
as a much poorer engine is well-trained hands. So much depends 


ipon the operation of pumpers ahd steamers that if is of prime 
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importance that the crews be trained in the operation of their 
machines at capacity at frequent intervals, say, once a month. 
CLARENCE GOLDSMITH. 


New York, N. Y. 


Comment on the Still Engine 


lo THE Eprror: 


Roughly, an internal-combustion engine converts a third of its 


heat supply throws another 


into power and away third in the 
acket discharge and a final third in the exhaust. The Still en 
rine represents an attempt to reclaim the wasted two-thirds by 


steam-plant « 


The 
Hence the 


! 
means of a steam plant Hhemeney can scarcely 


exceed 2O per cent. tial ellicieney t 


V1, + (0.2 & 25 16.7 


maNWnHuIN pote I 


ron 


e apparatus proposed is 


| he 


: per cel 
exhaust-gas heat has the desirably high temperature. 


Transmission from dry gas is slow and transmitting apparatus 


(as with hot-air engines) hard to man 


may be 


tain, but experience 


with economizers has shown these objections not to be fatal. A 
transmitting surtace of 3 sq. ft. per hp. of the internal-combus 
on evlinder should be suffierent. 

he acket heat exists at low temperature and hence at low 

ailabilitv. The proposed engine increases the temperature and 
urther increases availability by using the exhaust gas. The 
jacket heat (except for radiation) is all reclaimed. The exhaust 
heat 1s reclaimed to the extent represented bv a temperature drop 
rom 900 dee. to 150 dee. Untortunate ly SU per cent of These 
reclaimed amounts must immediately be thrown away to the 
steam-pla circulating water 


A steam generation of 7 lb. per b.hp-hr. ean seareely be ex 
eted. the this 
of about 6300 B.t 


Under illustrated conditions, implies a jacket | 


Oss 


4 


wu. per hr., or 215 times the normal. 


The general idea is sound, but it makes the further extended 
development of the yas engine contingent on some radieal im 
provement In the economy ol the steam engine. 


W. D. ENNIS 


New York, N. Y. 


The First Steamship to Cross the Atlantic 


EDITOR: 


In the June number of MecuanicaL ENGINEERING, on page 554, 
there s an article entitled The Crossing, which states than “ On 
May 26, 1819, an American ship, the Savanna was the first 

; ; .g 
steam-driven vessel to cross the ocean, ete. 


As a 


ovage under steam. 


matter of history the Savannah did not make the entire 


As stated in the Eneyelopedia Britannica, 


“She was fitted with sails, and used them in rough weather, 
imshipping her paddle boxes.” 

I give below extracts from the Toronto Daily Star treating 
on this very matter which [I think should be put before the 


Society. 


A letter recently appeared in the London Times from Prof. W. H. 
Vander of the University of Toronto, resident in Eng 
land, which he pointed out that it was neither the American-owned 
Navannah nor the British steamship Sirius or Great Western, but the 
Canadian-owned and built Royal William the first 


Smissen, 


now 
in 
vessel 


which was 


propelled by steam to cross the Atlantic 

rom time to time disputes have arisen on this question, and Pro 
fessor Vander Smissen reealls that in 1S94 the Earl of Aberdeen, as 
Governor-General at the time the Intercolonial Conference was in 


Ottawa. unveiled a tablet placed on the wall of one of the corridors 
of the Parliament Buildings inscribed with the details of the Royal 
William's The burning of the buildings early in the 
war destroyed this tablet, which it is hoped will be replaced. Professor 
Vander that the Royal William designed by Mr. 
James Goudie, a native of Quebec. Ter builders were Messrs. Camp- 
bell and Black, of that city: she was engined in Montreal. and before 


performance, 


Smissen says wis 


making her memorable trip from Quebee via Pictou, N. S.. to London, 
in August, 1858, had traded between Quebec, Ilalifax, and Boston. 
She was bought by the Portuguese Government and renamed, and 
later served as a Spanish warship under the name /sabel Segunda. 


She had a length of 176 ft., a width between the paddle boxes of 28 ft.. 


and a gross tonnage of 1.370. Toronto Daily Star. May 7. 1919. 
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Was in 1IS88 (not ISS3S, as previously stated) that the Royal 
William made her famous voyage, and she was not only the first ship 
to cross the Atlantic under steam, but the tirst to be built with a 
system of water-tight compartments and the first war steamer that 
ever tired a shot This was in 1IN36, after she had been sold to the 
Spanish Government and was being used (under the name /sabel 
Segunda) in operations against Don Carlos 

The origin of the Canadian steamer which thus has a triple dis 
tinciion in marine history is rather interesting Influential men who 
in IS2Z1-24 wished to bring about a union the North-American 
Provinces were met with the objection that there was really no inter 
Provincial trade. As a result of the discussion subsidies iffered 
by the Legislatures of Lower Canada and Nova Seotia fo teamship 
communication between Quebee and Tlalifax. Citizens of the tw 
cities formed a joint stock company, and the Royal Willias uilt 
In ISDE OT at Quebec at a cost of about SSO.000, She was fitt } 
200-hp. engines at Montreal, and in August of ISS] ei 
(QQuehee to Elalifan th {4) passengers, IZO> tons 
other freight. In ISOS tter being sold te iti teige ! 

t Quebec for Lon king.. via Pietou The vy xg t t 

t to Gravesend ste \ugust IS to Sept 1] | ahawm 

t d i listat loro I) \ | 1 1d 

lo this it may now be added that two Britishers on J 
LO19, risiede thre rst trip rors New oundlans Ire ‘ CCeSs 
fully by aeroplane 

AMES M 
Toro Ont 
Jemes Watt Centenary 

Qn August 25 one hundred vears w have clapsed ‘ 

ose of James Watt's lite 

In honor ot tl Ss centenary e engines ot Bin | 

and, the city of Watt's adoption, wher s most importa ae 
was accomplished, are to provide permanent mv ol Thi 

are to consist of i), the endowment ot a protessorship of « 

vineering to be known as the James Watt Chair a ie | vel \ 
of Birmingham, for the promotion of research i 
mental principles underlying the production o Powe nal the 
study of the conservation of the natural sources of enery 

the erection otf a James Watt memorial buildu ey whic haa rve 
both as a museum for examples of the work ot Wa ad his 
contemporaries, and as a meeting place and library tor serentitie 
and technieal socicties; and 3) the pubheation of a mer 
volume. 

Inasmuch as the benefits which ‘ enius of James W 
bestowed on mankind are too widespread tor a pu on 
celebration, the exercises in connection with the « ib rhrnie 


the ch 
different countri 

Mechani 
hairman of the Finanee 


abroad A 


be of an international 


memorials will { aracter, with repre 
sentatives 


The 


Engineers will be 


trom arious organizations 


The 
W. E. 


in 
representative ol 


Mr 


Americvan Society ot 


Svmons, ¢ 


Committee of the who his w: 


Socreryv, is now on i\ 
further announcement will probably be made in a later issue 
In his work throughout the country in behalf ot discharged 


service men Colonel Arthur Woods, Assistant to 
War in charge 


the Seeretary 


ol 
ot finding employment demobilized soldiers, 
at 
the 
enable men disabled in the line of duty to reéstablish 
life. The of the 
earrving on this Board 


whieh 


ror 


sailors and marines, has learned th in many sections peopl 


generally do not know just what Government is doing to 


themselves 
in eivil authorized 
the 


is charged 


agency iovernment 


Fed ral 


Coner SS 


lor 


work 1s for Voeational 


the 
training of disabled soldiers and the placement of 


Edueation, by with * vocational 


rehabilitated 
persons in suitable and eaintul occupations,” atter their discharge 
from the Army. 


Disabled men should accordingly get in touch with this Board 
which will place them in edueational institutions, where suitable 
trades or occupations will be taught them aecording to ther 
individual experience, capacities and preferences. A disables 


man so incapacitated that he cannot take up his old oeeupation 
will be allowed to choose any oceupation or trade which he thin} 

he would like to follow, subject, of course, to approval by th 
Board, which is interested only to be assured that the man 1s 
fitted to pursue the occupation or trade elected. 
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i y Ble ric Power 1. ) The Present Development of Trans on 
Lines in Kansas, by F. Ellis Jol! nson, University Expe 
Labor and Scentitie Research ment Station. | 


niversitv of Kansas, Lawrenee. K Ad 


dress Director A. A. Potter. TI 
he American Federation of t | 


of Labor at its Atlantie City meeting 


se 
IS Bull n deser 


] growth of transmission lines, their orioiy wre ents 
pted a senes ot re so] itions advoeat ne seientihe researeh as service to farmers pop ilar ; lin rs } 
arm 9 ( i eecine, Industrial power ines, 
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19 ae Results of Experimental Determination 
tit of 
The Heat Tr 
in Boiler Flues 
by 
The Babcock & Wilcox Co. 
Corr 


insfer Rate 


oe ) 


—- 
 ~ 


t fora 2-inch internal diameter 
tube with 


a wall temperature of ap- 
proximately 180° F. 


The straight lines, however, are prob- 


ably tangents or secants* to curves. 


mp. Diff.°F. per Sq. Ft. 
nw & 


Oo 


> wo ON 


w 


Heat Transfer Rate-B.T.U. per Hour per Degree Te 
~I 


t 


4000 6000 S000 10 000 12000 


Weight of Gases per Sq. Ft. of Flue Area per Hour 


Fic. 1 Heat-TRANSFER RATES FOR 2-IN. BoOILeR Tupi 


Leather 


linoleum ceme 


and Glue Al-i0 Linoleum Cements. Investigation on 


nt showing that shellae cements with aleohol 


as thinner with and without finely powdered mineral fillet 
were more waterproof and held linoleum more tenaciously 


to conerete or steel than those cements made from dextrin 


or other water-soluble gums or some other resins cut in 


aleohol. Shellae cement with mineral filler adhered more 


tenaciously and did not become brittle or dry as that wit! 
out filler. 


on either 


When water-soluble pastes are used a strip 1 ft. 
should be 


Director, 


side of seam cemented with 
cement. Address 
Washington, D. C. 


Metallurgy and Metallography 


wate! 


prool Bureau ot Standards, 


A4-19 The Relation of the Phase 
the Heat Treatment of 
Seidell and G. T. Horvitz. 
See Chemical and Metallurgi al Enginee ring, or address 
New York Testing Laboratory, 51 E. 42nd St., New York. 
Vetallurgy and Metallography A5-19 The Relation of Quenching 
Temperature to the Microstructure in High-Speed Steel 
with Effect on Physical Properties. Paper to be 
before American Steel Treaters’ Society. Address 
York Testing Laboratory, 51 E. 42nd St., New York. 


Changes to Microstructure in 


Aluminum Bronze, by L. R. 


read 
New 


B—RESEARCH IN PROGRESS 


B7-19 
Internal-Combustion Engines. 


Apparatus and Instruments Diaphragm Indieator for 
Development work is being 
carried on by the Bureau of Standards on an indicator 
for gas engines at high rotational speed with a diaphragm 
indicator with beam of light. Address Director, 


ot Standards, Washington, D. C. 


sureau 
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E x | hy 
- j i; | 
= % Pes: tSSH L i H ESBEEEESE 12 SEES | J 
0 10 000 20 000 


ea per Hour 


iy ” Herat-TrRANSreR Rates ror Tus 
2 IN. IN INTERNAL DMAMETER FITTED WITH 
4 Core 1 IN. IN EXTERNAL DIAMETER 
lpparatus and Instruments B / Bourdon Gage 
rv 30.000 Ib per sq rn \ stuc oO } 
wrformance 0 two Bourdon — pressure 
rages tor jU,000 Tb. per se n. with retetr 
enee to dr ) ieatio 
wiratus and rument Roa } Abrasi 
Machines lr vatlol to deter e re 
sist : LATIONS, anv, whieh eX1sts werweel 
14 000 Ibs abrasion test on Deval machine when usu 
sho ind When ho s ire sed By R \ 
Seato | neering | er el Statiol 
Kansas State Agnreultural College, Mas 
ittan, Nar 
(emen i Other Build ng Materials Bi-19 Reintoreed-Conecret« 
Beams. Recent tests of beams tailing by compression 
ipper side indieate that ultimate compressive strength 
couerete is considerably greater when tested in torm ol 
beam than when tested in the form of pmsm under ul 
formly distributed load. This tact gives promise of form 
Inv a reliable basis tor Increase in sate working stress 
compression. Work is now being carrie d regarding 
shearing stresses in beams. The work was conducted 1 


connection with the design of reimtorced-concrete slips 


Results indicate that much larger web reintorcement may 


be advantageously used than that hitherto deemed permis 
sible. Address Director, Bureau of Standards, Washing 
ton, D. ¢ 


Other Buildu qd 


Standards ot 


Vaterials Bo 


design 


Cement and ‘9 Reinforeed-Gypsum 
al d 
ll of 


Bureau of 


will 
gypsum in connection with Committee C the Amer! 
for Testing Materials. Standards 
Address Director, Bureau of Standards, Washington, D. | 
Cement and Other Building Materials B6-19 Pit 
for Conerete Without Use of Other Aggregate in Kansas 
Engineering Experiment Station, Kansas State 


tural Address Dean A. A. Potter, 


Beams. for beams floors 


can Society 


Run-ot Grave 


Agricul- 

( ollege. Manhattat 
Kan. 

(Cement and Other Building Materials B; 


crete Without Coarse Aggregate. 


19 Sand-Cement Cor 
A research to determin: 
A study fo. 
localities where little coarse aggregate is available. E: 
gineering Experiment Station, Kansas State Agricultura 
Address Dean A. A. Potter, Manhattan, Kan. 


at what price crushed stone can be used. 


College. 
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Cement and Other Bu fing Materials BS-19 Use of Joplin Chats utomotive Vehu and Kauipmey ) Equip nt Per 
as Concrete Aggregate in Coarse or Fine Conditio; Ie) sonnel and Probhle) t the Packard Engineering Labo) 
eering Experiment Station, Kansas Stats Agricultura tory Address Packard M r Car ( | nee? | 
( eure \ddre 


ss Dean A, A Potter, Man hattan, Kk ve, , 


Prop I . 





drla (eran f Mnameling by the Use of Colloids i oammet , { f th { t t I 
‘ o is ’ ‘ te ‘ ‘ nigh 
end of Petroleum Solvents General Efhiciens Denart —- passeng to t lim Ow in 
ent, Chevrolet Motor Company, Tarrvtown. \ \ xine d ete ng 400 | y 
nad ‘ inp} rene t te) | in) 
D—-Reskarcn Equirmend 


\ t ‘ t ‘ re ‘ , t ty it 
opeller Dvnamometer ay iovned or } »-Tf ‘ 
a (HK) 1 ‘ OSSOI f hie t et 

rogue, OO ty thrust and Sooo rpm to test mods “aur ‘ | ' @ ort ' ’ tay tod 
ropellers arge wind tunnel throug! ariable reed In a Separate ro nd the heat rried I iratt 

or of 15 hp. capacity. Address ( ommander MceEntee, In laying out the dyna cre : a ; mt - 

; F to eliminate all e obst tion t 

Navy Yard, Washington. I). « = ; ' 


* ‘ Iiping and wiring ir ‘ ele 
1 , ) / Research Faeilities at the Curt 


(Corporation The Curtiss Engineering Cor oration have the st ounding et neentrate or 
ed = convenier near New York 
( he aviatio fields and the bavs of 4 
me Island, at (rarden City, L I lhe 














rimaruy an experimental plant es + . 
s devoted to aeronautical research , al =e : ty 
ror \ddress Researe} Labor : ; Re 39 4 oe i ; % ? - 
2 Cou = | neering Corporation, rf : <r ” Cc 
Garden ( i 7 See Resrarcn =" ; 4} 
Pese N lireraft |} 19, for 3 oa, BH 7 ice = ; of? 
, 4 boratory C24 4 ‘ y ee ak . —>\ it + 
a t ela os cant -. 
ie | }--- x = 
tesearch =D r lepart t ; 3’ 
, ‘ - sf 
him) Fr I t — z st find Siti alii: | 
) I'he ent hie i ! } dar 
t zt *. The experiment } Lae Hi 
! t g. | t. wide, and about 0 ‘ “ 
it L tl st I f the ir st t . ‘ 
7 S lim) , ; oo + 
t short wi exceed th Y 3 Y I — —rS 
| designed one of —4 
f ‘ t ‘ t im Ch OMT ” - 
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One 4-f¢ ‘ he enclosed tym s : : 
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— ~ . : ee : te ae . ru | PLAN ANp ] vA ee Dc \ i i Ml 
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\: t \ i wlel-mak ng and instr ent gy si ‘ s at ! t j ; 

I ILpyy ih tl lathes (« ne ¢ x I nd suit ‘ ‘ u l t t 
elect! ven) ‘ fer, one hand i t ng ! en i lerg 1 t ne nhect v ect 
hie | I ‘ | pparatuses to fa tat ) of u located outsix t ind I ting t K 

t mak £ tending abo tl root ( Ol \ the eng eX t 
}? rch V " fesearch Department undertakes ay ecial pipe and the exhaust tunnel is afforded by a et indard ‘ 
estigutiorn t] eti nature required Wi, ny ti s of into which Suitable engths exible stee tubing are | 

nds ay rried fin these tunnels hy a eo petent staf? Tests Connection to th XHaust the engine I ALT : eens 
ne wing sections at irious speeds, tests on ne giving work exhaust stacks are used w h discharge to suitable sheet-iror 
bilitv and per _ e before the full-size machir ‘ r flown exhaust boxes Which take th pris i th inl e cover > us te 

‘ the uti t safety in the work. Tests on «t ne forms present a minimun struction » the free exit of the ex st guses 
; s fuselages, dirig shapes, flags, propellers. ¢ a vite Gasoline is delive: to the dvnamomete ( the te-cor 

its t hes t re being made continually trol Bowser syste ith a eter located in the ivname te ror 
: Iwo gasoline tanks are provided at an elevation « ibou fror 
Vhe my _, — ” por : pains a fe bi eng 8 the floor, one of which is mount d stutionar ime e ott s fixed 

: r a ‘ : on the platform of a sensitiv. lance Gasoline feed S to the 
odicals ¢ “my Importance three dynamometers are run iy r VY tunnels under the ff nd 
Chemical and Materials and Heat-Treatment Lahora ies Phese by a system of siv Ves it Is possible to fee nv oT t] three 
oratories are equipped to test all materials entering to airplane dynamometers from either the { xed tank for ordinary " from 

truction the tank mounted on the si les fe economy tests 
Staff of Research Department. J P. Tarbox, Director, Dr. J. G Water piping and the water syst: m are underground | 
Cothin, Assistant Director ind Physicist. and three to fiy. technical sible, a 25-gal. tank being lo ited in each of the three tunnels cing 
escarch engineers and a libr irian The model shop employs a corps to the respective dynamometers Suitable hot nd id ter co 
expert model makers nections are made to this tank ind controlled by Vaives the handles 
as of which project above the floor Access to these tunnels vided 
Staft of Chemical and Material Laboratories Mr. Frisbie, M1 by hatchways which are readily movable The entirs g and 

rossley, Chemist tunnel layout is clearly shown in lig. 3. 

Research Time. All of the work in general is of a research nature. Ample bench room is provided to do the minor fitting work 1 ed 
\bout one-half is di voted to pure research in work of this character Dbvnamometer re idings nsist <¢ | 
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mud torque readings Speed readings are taken by carefully calibrated 
t ometers and checked by positive counters Torque readings are 
toihen by means of springless scales and checked by tare beam. 
Specially designed dynamometer couplings are used to take care of 
slight saliguments \ uniform system of engine controls is mounted 


on each dynamometer so as to be readily adaptable to any kind of 
nL \ trolley runs over each dynamometer and a chain hoist is 
om unting and dismounting the engines The airplane dyna 
eter has in addition to its gasoline and ite ds an oll-cireu 
ng feed. the oil being returned to a tank nt 0 1 Sensitive 
d ent to the gasoline sent Gil cons ition truck and 
iotors is ved WV separat t itus hieh in 
‘ tl ~ i SI ol pump d ! t ote nd 
l init 1 Sensitive seule ! engi ing 
t ‘ ith latte peut is is run itl dry s See Fig. 4 
( ‘ dl l s trill sockets r elect a < I ( 
( tery ¢ ent, et ! ull yet it rit ‘ 
I t pu ses required in var Ss tests 
| ene} restine ‘ Oo (ig. O s ‘ . 
thi ’ r tests and its equ nt g y I 
! t It Is lI t 1 essiry to dese 1 1 ‘ 
tus tl liversity of tests can be g hie y 
f 
1 Mndu e tests on plain and ba Ings 
~ Tend i tests « magnetos, generators, st ns rs ' 
| i mps, tire pumps imshaft d es, ubiversa 1 
il ‘ essories Which are submitted time ft ine 
H this nt t the objeet is to provid ! | ist l o 

















hic. 4 Packard Laroratory ror Hravy Morors 

ess permanent set-up so as to be available for a repetition of the test 
it any time in the future. 

» Calibration of radiators to determine their efficiency alone and in 
conjunction with various water pumps and fans 

i Storage-battery characteristics. 

It can be readily realized that the above list does not by any means 
muprise all the various experiments which come under the gener: 
heading of bench tests. It is also impossible to start out ith a 
laboratory for this work fully equipped since the very nature of the 
work demands the designing of new equipment from time to time \ 

mprehensive switchboard for electric-motor speed control has been 
worked out for all the motors used in this room and some such syste 


is essential to do aecurate work of this nature In general each 
piece of apparatus is directly connected to an electric motor and in 
no se is a belt or any other form of a friction drive used. Direct 
current (220 volts) is used and the field and armature connections 
from each motor are brought to a common switchbourd \ bank of 

ist-i grids is connected across the line and 220 equally spaced 
t iff ' these grids are connected to a special dial switeh I 

ins of suitable plugs similar to a telephone switchboard any mote 
in the room can be connected to this dial switch and in this mann 
its speed variation can be controlled very closely since the incre 
ments of voltage supplied to the armature or field differ by only on 
volt When the proper speed has been reached for any particular 
run the proper plug connection is made and the dial switch is agair 
free to use with any other motor. 
Another room is provided into which ears and trucks can be run 

for such special work or inspection as may be desired 

Personnel, The dynamometer-room personnel consists of a fore 
nan with ahout twelve men with particular experience for this class 
Oo ork. ‘This demands a thorough understanding of all engines and 
t fair amount of mechanical skill of a wide nature. The office fore 


consists of four engineers and a to take care of 
The work generally divided 
a manner to develop specialists. 
concentrate the getting out of reports. will super 
bench tests, another man will do the necessary designing of all 
apparatus required and concentrate on calculations, ete. <A e 


man the clerical and 
the en 


One man, for example, will 


stenographie work. 





is 


among 
gine ers in 
on another man 
vise 
the ast- 
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iron rule is that a record be kept of every experiment whether sur 
cesstul or not 
Problems The problems presented general un ed 
follows 
| Routine Work This is generally a tte ne t+ 
tin elements it 1 hew lesign and for the most t t I 
! ‘Ss since it is generally a com) Isat t ! esigr 
Voon I} test ! Olrse cove i ‘ mg 
2ht take t nutes dsothers ght st 
ve! ' 
7 ee ‘ \ tests ert ning 
t ! ees ‘ rl} t] y 
es est thre t ‘ 
ertain d y gor i Worl t 
‘ 1 t 1 ‘ ‘ 
Kes \\ | genera t 
‘ 1 t ‘ rity ‘ 
t d hiel 
tl or ! ‘ | 
it gem ‘ v ‘ 
i I ‘ I ‘ ' \ ~ 
_ t ’ ' 
t ‘ p | wv |) ' . 
\ t this Department Eng 
De ti zg ( y 














Laboratories equipped 
chemical analysis, physical test 


lographic work, 500.000-1b. 


s, metallurgical and me 


universal machine, 200,000 1] 
compression machine, Brinell hardness tester, Shore hard 


ness tester, metallographic equipment for ferrous and not 


ferrous metals, crucible, open-hearth and electric furnaces; 





ements ul great diminished the ~ t stl 
inpment and it is felt that this aspeet is being i | ‘ 

e time. The fact that so many points in design ' letinitel 
en to be good o1 d lernted test is thie st i 
tance in proving to a design An engine fe in} ‘ i 

un for 24 hours a day at a speed (miles per he on the dvi 

el and in this man in astonishingly high mileage n be se 
very short time Qt course, good judgment must be exercised 

naking these ests since under certain conditions the cul e very 
h more severe hiith Will eve be em ntered 3 ‘ t 

if il th onl disadvantage I y \ il ited t 
it the fnet ft sntet } ” higl neal the i ] ! 
te he or te ‘ TIS ‘ 

wrtiss Enginecring Corpora nD ‘9 Deseription ot equipmel 

and personnel under Avreraft D) ), 

row 7 Mg Laboratory D Chemical and phvsical ap 
paratus, testing machines for strength. hardness, impaet 
metallograplic equipment. High-temperature = furnae 
and pvrometers Tor eat treatment of metals, «hem 
processes and oil prod ition trom shale. 

( James li. Hlerrow tO; Dl BD 
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ENGINEERING SURVEY 


Review of Progress and Attainment in Mechanical Engineering and Related Fields, as Gathered 


from Current Technical Periodicals and Other Sources 


SUBJECTS OF 


THIS MONTH'S ABSTRACTS 
FENCI FOR FACTORY PROTECTION STEAM-ENGINE LUBRICATION PULVERIZED FUEL FOR LOCOMOTIVE 
PERMANENT-MOLD PRODUC?TION GOVERNING OF MoToR-CaR ENGINES SAFETY PRACT IN POWER PRESS WORK 
ALCOHOL FUEL COMMITTER'’S REPOR TURBINES FOR MECHANICAL DRIVES SPONTANEOUS COMBUSTIO) 
COKE FIRING IN GERMANY CURTIS IMPULSE TURBINE 1) EMINA ht ee 
BUCKET WATER TURBINES WIND RESISTANCE OF A TRAIN ALTERNATORS 
WASTE-WATER TURBINES LIMIT TO WEAR OF STEEL WHEELS MrASUREMEN \ i , I 
LIBERTY MOTOR ROLLED-STEEL AND Cast-IRON WHEELS PasaTuRs 
TOSt DIESEL ENGINES FOR SUBMARINES COMPARED STapes OF LARGE TURBINES 
FACT RY M AN AGEMENT The Committee eonsisted mainly of the nominees of Government 


THt 


plant 


SILENT WATCHMAN Over INpbuUstTRY. The of 


agencies has been 
forcibly emphasized by various occurrences during the period of 


necessity 


protection destructive 


against human 
the war, but even in times of peace there is an essential need ot 
adequate protection tor plants. 

The article briefly diseusses the problem of fire protection and 
then goes into considerable detail as to protection by fencing 
in the premises. Such feneing-in protects the plant against 
trespassers, with all the danger that they involve in the way o 
theft and increased possibility of fire. 


‘ 
i 


Many types of tenees designed to vive plant protection 


are 
on the market. 


During the war the amount of such fencing sold 
to industrial plants was very large. 
ernment itself paid for the 
fused t 


Lo 


In some instanees the Gov 
fencing 


g, while in other eases it ré 
award contracts until the fencing was installed by thi 
itself. 


lineal foot. 


company The cost of fencing may be as high as $2 


a 

In addition to fencing, flood light was extensively used duri: 
the war. | 
100,000 foo 


has been estimated that during 1917 and 1918 some 
lights were sold to American plants for protection 
purposes, but the sales fell off tremendously after the signing 
I (The Iron Trade 


Ol 


19, 1919, pp. 1609 to 1612, 6 figs., g) 


+ 
t 


‘ the armistice. Review, vol. 64, no, 25, June 


>. 


FOUNDRY 


A PERMANENT MOLD or 
Gordon. 


> 
>. 


4 New Meruop or MO.pina, F. 
by justly pointing out that om 
modern methods of molding are to all practical purposes the 
same as those which were practiced by the Egyptians 4000 to 
5000 years ago. 


I 


The author begins 


l'rom this he proceeds to a brief description of a 
discovery by William M. Hoffman, of Buffalo, N. Y., who claims 
that he has found molding material. 

While exploring corundum veins in the Blue Ridge Mountains 
of North Carolina, he came upon a surface of combination amphi 
bole and actinolite. These minerals belong to the same class as 
asbestos, with the addition of magnesia and other minerals of a 
refractory nature. It is claimed that with a proper binder, whieh 
is said to have been perfected, it is possible to use these materials 
for permanent molds. No data as to the method of using such 
molds, their life and way of restoring the mold face are given in 
the original article. 


1919, p. 147, d) 


a new 


(Canadian Foundryman, vol, 10, no. 6, June 


FUELS AND FIRING 

THe ALtconot Fur, ComMirree’s Report. Abstract of the re- 
port of the Alcohol Fuel Committee appointed in October 1918 
by the British Government. 


HOO 


Departments, not necessarily fuel experts, but appointed to survey 


; 
i 


the situation, to estimate the importance of the problem and to 


report as to the best steps to be taken. 


The report indicates that the climate in Great Britain is not well 
suited to the growth of most alcohol crops, but that svnthetie 
production of alcohol is a commercial possibility. A spirit ean be 
obtained from ethvlene extracted from coal and coke-oven gases 
and it is estimated that the production of 100,000,000 gal. a year 
might be reasonably expected in Great Britain if the necessary 


of the method 


The statement is made, however, that the main sourees of power 


facilities were given for the development 


aleohol must be tound in the vegetable world 1 | 


tropical and sub 
tropical countries. 

The main conclusions of the report are that in order that the 
fuel may be available in quantities and at the right price, a 
material change must be made in many government regulations 
The use of cheaper denaturants must be permitted, continuous 
distillation must be allowed and also simultaneous fermentation 
and distillation in the same building These changes would o« 
casion the abandonment of the present regulations tor ascertan 
ing specific gravity before fermentation. 

The report also recommends the establishment by the govern 
ment of a permanent organization to initiate and Supervise ex 
perimental and practieal development work on production and 
utilization of power aleohol. (Motor Traction, vol. 29, no. 748, 
July 2, 1919, pp. 5-6, 9 


German Experience with Coke Firing of Boilers During 


the War 


COKE FIRING, Reichelt. Data on the 


t coke 


vained during war. 


= 
present state ot knowledge 
Oo firing in Germany, embodying apparently experiences 


It is pointed out that a clear distinction should be made br 


tween gas coke and metallurgical coke. Gas coke is easier to 


ignite because its structure is less compact, while coke from coke 
ovens, especially that made from tat coals, has a compaet struc 
ture and is less easy to ignite. 


he 


Coke is more difficult to bring to the state 


When burned, coke keeps t shape of the lump longer tha 
ol 


It does not give off its heat with the sam 


coal. iIncandescence, 


but it burns slower. 
speed as coal and because of this, in order to burn the sam: 
weight of fuel one has to employ a larger grate and use a deepe! 


fuel bed; its lower specifie weight as compared with coal al 


makes a larger grate necessary. 


The size of the lumps is essential. If the lumps are too large, 


the surface subject to the action of the air is too small to main 
tain the combustion process, at least if the draft 


‘ 
€ 


remains within 
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the same bit Metallurgical coke as it Comes Is usua ly nm loo As regards the grate construction 1l was obvi tt ( t 
large lumps It is pointed out that the users of coke cannot eling grates designed tor coal would not do tor coke L} prob 
be expected to erush it. as under present conditions it is lmpe lem was solved by ub ecting the coke Lo Ll gvenerato wtion 
sible to secure crushing equipment, so that the coke should be This means that the coke was brought to a bricni riow ! i 
erushed at the plants The limits of size are indicated by the separate hopper and from there delivered on to the traveling 
author as 10 mm. (0.4 1 on the one hand to 40 m 1.6 erate in a laver from 0.4 m. to 0.5 n 1 1.64 deep, 
on the other. depending on the size of the eoke on the ! e the OK vas 
The finer sizes, ane ! particular eoke breeze, make too dense purned in a eradui Ihy decreasing depth. “a owl } \t 
a laver and with ordinat adratt do not provide To! inewvent the end of the orate slay pocket were provided te yrrevent too 
eontact with the an Their combustion on a plau rate 1S pos much air from entering. 
sible only when special apphianees are sed In order that the combustion should go « 
\ a rule, coke requires a stronger dratt. whiel ‘ the portant to maintan a powertul fire ri thie owt nart o ‘ iX1l 
rreater depth of the fuel bed and the resulting increased resist arv hopper, the purpose of which is to ignite the 1 coke 
to the tlow ot an i! aDOVE I \ sort ot earth is employed 0 rraunged that 
Phe portable Dorel ( ‘ to eq 1) or COKE ) r ‘ ‘ ( \ ! ‘ a et ! he 
‘ he locomotive pro, te se he powerl dra ih 
the ratio of 1 to ee dare nk ak ie ke eee et ae 
Otherwise co it little adapted for portable boiler ecaust 
be Tne of ial drat n ) : 
; ] ‘ ] 
Or use On shipboard Coxe is likewme not w a eee , AOMMOOMmNloOnonnoocnr 
eoa ! ern coke o “ enue ' ric. 2 Novz (;RATE RAR 
pera 0 he b ! ( I er el el ‘ 
Nhe 
I 
] 
lj 
~ Ne ~ 
/ 
/ 
or or} 1) r, b les more « est « 
Rien -~ grate (1 rhile the fuel for the trav rate mo e1 
t2IXT43 The angle « , on ef the inelines rate oO ter ' 
- portance in this connection. It s placed oo sharp ‘ 
e the purpose desired will not be achieved and the fue iver tro 
he contact heart Vill be carmed away b the mo - ot 
coke, Which will result in stopping the é } 
1 1 NG GR iru Propucer Ho hopper and “ freezing ” the latter 
lhe produce) action of the auxiliary hopper, together w't! 
the deep layer of fuel, favor the production of carbon monoxid 
It would appear, theretore, that stationary boilers are e mal and hence tlame formation, which is hig desirable | order, 
I pect e consumers Of coke however, to bring about a complete combustion ot the was t is 
It has been stated on many occasions, however, that with coke necessarv to admit fresh air directly into the combustio ace. 
the bowler cannot ce ver as much steam as with coal, « peclally which ean be done most simply bv means of tubes p sine throne! 
vhen working at overload This is due to the unsatistactory the tire are] 
lame formation resulting trom the lack of volatile compounds Several German concerns have devoted a considerable amou 
l to 2 pel eent in coke as compared with 20 to 30 per cent in ot etfort to the study of coke combustor Some ot the ‘ 
oal) and also to the slower combustion ot coke equivalent to — of this investigation were published in 1916 in a German pub 
lower grate output, Hence, when it ts impossible to increase eation: trom that pubheation are taken the data of an evapora 
he grate area, the output of steam is apt to tall off, tive test given in Table 1. 
Likewise lower superheater temperatures have to be taken into lhe tollowing should be noticed m this connection: The heat 
msideration, as the exhaust gases enter the superheater at a balance is very good at the efficiency of 73 per cent, and with 
wer temperature than when coal is used, due partly to the the factor of evaporation of 6.7 as compared to the efficiency of 
horter flame and partly to greater excess air 41.5 per cent and the faetor of evaporation of 7.5 of the ame 
Coke firing makes greater demands on the fireman. It is ree boiler with coal firing. Should the prices of fuel be proportional 
mmended that in large plants those boilers that carry normal to the factors of evaporation and no other considerations ente 
mad be fired with coke, while the peaks ot the load eurve should into the question, the test would indicate that coke is just as 
e taken care of by boilers equipped for mixed or straight coal rood a fuel as coal. 


ning. The CO, content of 12.5 per cent is quite good and tends to 














JOS 


MECHANICAL 


indicate that there Was ho particular excess of al 


time it should be borne in mind that t] 


At the 


Is test was carried out under 


Sallie 


ery tavorable conditions. In particular the coke was quite care 
fully sorted so that the lumps were between 70 and 90 mn 
2.7 In. to 3.5 in In size and approximate ly uniform 
\l APORATIVE TEST O} A CORKE-FIRED BOLLI 
H 
: 
= 
Fs ' 
nr 
t 1 
H ' ding to M 
H % 
tH k | x 
Bi t 
qt) 
1) Wi 
a) A b 
< Ee 
| i 
7 
( sh 
Hy By 
T ‘iD 
Su \ i s rt I De 
He 
\n entirely different picture is obtained when the tests ar 
made with unsorted coke, varying in size trom breeze up to 90 
min with the breeze and dust content at about 50 per cent 
In these tests the CO content tell from more than 12 per cent 
in the previous test to as low as 3.0 per cent, a clear Indication 
of the fact that the irregular size of the material caused an excess 


admission of air. 

The other data of the test are essentially of the 
the 
the 


engineering 


same chat 
acter, led Rhine 


lo 


which Association for 


that the 


unsorted 


the ol 


ol 
ot on traveling 
grates 1s uneconomical, and further, that the irregularity of the 
combustion process leads to a 


Inspection 
Steam Boilers conclusion In present state 
combustion the use 


considerably diminished output of 


e boilers 


It appears also that overloading the boiler 


} } ‘ 
Mads TO an 


wear of the grates and eannot be maintained for any lenet} 
of time On the other hand, it appears that coal-firinge installa 
tions can be converted to coke firing with comparative 


by 
as auxiliaries in the production of 


Case 


the employment Ol steam jets 
iratt 
This arrangement 


can be used particularly well with fine coke, 
when eithe) 


a grate with small interspaces may be used, or, still 
better, a so-called nozzle grate bar designed subs 


n Fig. 2. 
In 


nozzle 1S 


tantially as shown 


order to raise the air pressure under the grate the steam 
led into the smaller end of a conieal tube 


rcompression 1s raised from 15 to 20 mm. 
ig. 3, the 


(«liffuser ) 
whereby the al 


As 


Ot water. 


shown the 


in air suction oceurs throuch 


ring 


shaped space between the nozzle and the tube. In accordanes 
with the size of the furnace one or more nozzles mav be used 
side by side, 


The use of the Wilton grate and the evaporator grate in con 
nection with water-tube boilers are also referred to. (Zeitschrift 
fur Dampfkessel und Maschinenbetrich,. vol. 42, no. 9, Feb. 28. 
1919, pp. 57-61, 4 figs. d.) 
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Bucket and Waste-W ater Turbines 


INVESTIGATIONS ON Bre KET TurBINEs, E. Reichel and W Wag 
Dal * J. f | 


Cll 


/ \ bercines Dewts WM. lng. OP pp. 822-829. Noy D2, th 
and pp. 8TO0-876, Dee. 7. 1918 In an earlier series of inye 
rations (ibid.. pp. 441 et seq., 1913) the behavior of varlous types 
ot buekets l to J was examined under C saline load and stres 
and the results wer compared, With the exeeptior ‘ 
(1-1) ke ll were obtained for a el dlametetr ) ‘ 
Instance rom cents of wheel) of 275 n nm ine ei ) 0) 
Phe Gr-bueke Vas develo red ora jet diameter o (by " ine 
1 bree s other CONAULLIONS hy is Delors I ‘ Cre! 
sizes of G-buek were tested, all w nozzle and needle No. ¢ 
Thre rire ke neo Is « he soy Wwidt 1) rine " ene 
is permitting ‘ i * dlameter o el on te ised thu lv 
Various HuMbers «© MmeKeLS Were houllted on thie Wo SIZE 
=| hd soon 1 ‘ mr ene disk «a meter ‘ Tl ( ‘ 
Was f sadine lor a s1IZeS oO biueke ron ‘ 8 
Ss papel S possible to determine the st fa P 
aD | aD | ny \ rtyirie Isl! (ys bueke . ( 
No. 6 ome e and need nd work vith es ’ 
Hmuts for specific speed determined by es - ! 
dentally Tle ! cs i ~ by ‘ i riheyr rT ‘ ( 
ing constructional details as well as considerabh ormatio 
relating to operatis phenomena 
The linear dimens Ss 0 ¢ tour bueke doar ‘ 
ratio OLS 1.0) sas Ld At eas ou ‘ ere " 
mickets were testes ene ~ dish ! rieke \ ¢ ‘ 
statement = t itt ¢ OSSe] il « i ‘| \ ! re 
MenslO! ( ‘ ( rites SHhoW ne ‘ ‘ lene ‘ 
pers ! ‘ ractel l det irl = «et aditpots {) 
! mel ’ all ibles ol ned, reclere et ! is Ty ‘ 
original for details Science Abstri Section B—FEleet rica 
Engineering, vol. 22, pt f, no. 256, April 30, 1919. Item DAt 
r) 1" 0) 


Wastre-Warer 1 ES, H. Baudiseh At Lurhi 
vexen, Nos. 16, 17, 18, 1918. Elektrot. u. Maschinentan ‘% 
47-548, Dee. 22, 1918. Abstras The ener ' 
Vater o Irbines ca be utihzed in) waste-wate) rou 
/] ill Mn meters and elon l l ‘ 
Prlyve meters pel second, the ¢ lie t enerey ’ ‘ 

( 2 According to the construction and spe ot the 
ine May be trom 9) to 15 per cent of I The waste ‘ 
rh ( Dene Connected bye rhel Tie I i rhein ( 
onal problem is to build a compound turbin ‘ 
ery ne tii\ \x al, radial, Or ANMWMI-Ta ) 

Sed, d ere ! res trichio On the constr ( 
pinie eC sha leng or the one “Ml © ) ai ! ‘ 
stipulation is that both turbines he ll-streay ( I] 
tl i} There Ss ho «dd ( lt ! Puile ne } ‘ ? 
cilre low Inder d Ilere ea ls, It 1s el aithy | ) ! ‘ 
dine speed in bet cuses The problen Ss Simp 4 thie 
mne speeds be « Tere ind, sav, a belt transn ol ‘ sec 
mw for this ( be the ratio of the be on, 
noe Mo, the turbine shatt speeds, thi ) n’ / my /t 
It H 4H, ¢V'./2, and n’ un./2; and w/2 mav be s 
Chosen that thre Twe irbines work at manxin itn ¢ Cle ( \: 
arrangement offerine Mans advantages IS TO use thre \ 


turbine to drive a 


renerator which acts 


phase alter hator 


driven by the main mae Ine and 
lighting and d.e. If 
bye r The 


coupled (this y ' cheapest arrangement), the govern: 


to 


t10n other elreuits. two turbines are 


sears must be s utably colnected maintain the distrib ition of 
head under all conditions Such interconnection is effected easil 
where the electrical equipment Is emploved. The au: iliary 


bine will always run faster than the main turbine; usual 
Ne, /Ns 0.4 to 0.8. A eain in bower of from 5 to 10 per ce) 
is obtainable by the use of waste water turbines, the only add 
tional investment being the cost of the latter. (Science: lhstract 


Section B—Eleetrical Engineering. vol. 22, pt. 4, no. 


0, 1919, Item 24 119-120.) 
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256, 
5. pp. 
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INTERNAL-COMBUSTION ENGINEERING vhat less than the nominal rating of 400 hp., but ated 


What the Germans Found from Tests of a Captured thet gnoad with ao diff eats o naleiaiinls 
Liberty Motor The we t of yproximiat ol Our el 





iif ‘) he q*T i) 
# Nik ( tte Schwawver \ecount ol a F bert IOLOl 
: } i t enera ) 
captured b the Germans with the English bomber H ierabar 
! r el r ! 0 
No. 3. built at the Westland Aireratt Worl 
The account is bot deseriptive and eritica severa ‘ 
) rie ! ] 
| e «aire r ‘ e! 
‘ ‘ ed ha ol he vi of SO ers 
) 7 »-hn dia iXimum ¢ ne oO ot 400 hp 
) ) ) a rs ‘ ? ‘ ’ 
vy reduc ‘ re ) It ) 
7 ‘ bie ad be equipper ‘ 
og qoraie ‘ ‘ ‘ T 
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a WOU sini) we 
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J ‘ ‘ Co ( ! | 
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‘A 
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J 
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A 
Pa ' 
italian Diesel Engine for Submarine Use Developed 
/ EAT CONTENT During the War 
PA 
J ) I ww ( 1) 
Ee 
, epee ) ‘ 1) ‘ 
rines both o e D-evele mt L-eyele p C1lD | le 2 


s © OF a = 
A ( R 
— ied a 
A : = a ed | 
4 
% al 
o/ a “o~ | 
= | et am 
ee  , . et ——— 
er. 
j ) (; x Tres ON I M 
8.0 liters of water per second would be re ured vor of the 4-evcle tvpe on account of lower , en 
! I ( curve is given showing the output of the wate Ing-o consumption and reater flexibil \t he S ¢ é 
rr 1) This curve indicates that not more tf halt shoul wv horne d it e\ ave b , 
} ount is actua obtained wit 1 pressure O iM ee! limber o er\ i e 2-evele e1 s WwW ( re 1 ( 
ind x eter 19.6 ft ot water Cheretore is compared “ stactor ‘ S yayh tha 1 \ ’ P 
the usual German practice, a radiator of about twice the ~-evele e@) ‘ be at least as good as o he 
su dimensions is necessary with the Liberty engine, and a Che article for the first time es draw 3 for certa ‘ 
unge of cooling in the radiator amounting to 10 deg. cent., in ne details of construction. 
rder that the necessary amount of heat should be carried off by rhus, Fig. 5 shows the gudgeon-pin construction with the sleey 
he air. keyed on to the pin proper and forming the bearing su 
An interesting series ot curves 1s presented In Fig. i, which his sleeve permits of a reduction of pressure i e vudg¢ I 
ves the test data of the captured motor with the standard Zenith bearing trom about 2000 lb. per sq. in. to 1400 Ib. The be: p 
arburetor s foree-lubricated by a supply oil under pressure thi 
The following comment is given: The eurve of output, as tune the hollow eonnecting rod 
on of the number of revolutions, is unusually good, which 1s The piston crown is made concave to increase the efficiency of 
scribed mainly to well-seleeted valve-opening cross-sections to oil cooling (its outward shape being somewhat like that in the 


LS ilti¢ 


ether with moderate velocity of the flow of gases through th Willys-Knight engines built in this country 


ilves. The fuel consumption of 226 grams (0.49 lb.) per hp.-hr. Two exhaust valves per cylinder are provided but they are 


called very good for “foreign” (which means non-German placed in separate cages and do not sit in the eylinder ad as 


vines. The output at 1550 r.p.m. was 381 hp., which is some- in the slow-speed engine. Although the diameter of eac 


I 











































































































































700 


is relatively small (there being two per cylinder), the valves are 
internally water-cooled, the water supply being by means of a 
spiral pipe attached to a spiral nut on the top of the exhaust 
valve spindle. The construction of the 
Fig. 6. The inlet valves sit in the 
The pipe 


is fitted internally with a light spiral battle to prevent interference 


its 
face ol 


valve and 
the 


exhaust 


cage 1s 


shown in lower 


evlinder head. main water-cooled connecting 











ku » GUDGEON-PIN CONSTRUCTION FOR Tost SUBMARINE DIESEI 
ENGIN} 
of the exhaust of one eylinder with that from another, which is 


necessary since with an 8-evlinder 4-stroke-evele engine 


cylinders will exhaust at the same time at certain points 
revolution, as indicated by 
article. 


1 the 


one of the diagrams in the original 
The 4-cycle engine is not fitted with anv starting device and 


is started electrically by the main propelling motors or by 





























al sep 
arate starting engine. There are, however, certain objectionable 
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features to such methods and a compressed-air auxiliary starting 
This 
engine has three radial cylinders and drives a pinion with teeth 
engaging with the periphery of the flywheel. These teeth are 
slightly spiraled in order to keep in engagement as long as the 
starting motor is driving, but when the main engine picks up and 
becomes the driver the thrust of the spiral teeth pushes this pin- 
ion forward sufficient to throw it out of 
flywheel. (Engineering, vol. 107, no. 
732-734, 8 figs., de) 


engine has been designed for starting by compressed air. 


engagement with the 
2788, June 6, 1919, pp. 


MECHANICAL 


JOURNAI 
soc. MLE 


Pht 


ENGINEERING \m 


LUBRICATION 


EcoNOMICAL LUBRICATION OF STEAM ENGINES, K. Si 
O15. 

trot. u. Maschinenbau, 35, pp. 194-195, April 22, 1917. 
The data presented 


mnid. 
Eleh 
Abstract. ) 
are derived from material collected by inspect 


( Wurtembe rq Revisions Verein, Geschaeftsbericht 


ing a great number ot working installations. Only in five engines 


among those investigated was there a really low consumption of 


lubricating oil; the minimum was 0.178 gram of evlinder oil and 


0.23 gram of bearing oil. In order to obtain results applicabl 


to any engine, the oil consumption must be referred to the actual 


engine dimensions rather than to the horsepower developed 


temperature of the eylinder walls and their area are primary 
Importance in determining the oil consumption. The piston speed 
is also an important faetor: and so is the diameter of the low 
pressure cylinder in multi-cylinder engines. If D) diameter « 


evlinder (low-pressure cylinder in multi-evlinder engine 


stroke, both i r.p.m.; and A constant: ther 


meters; 


consumption of cylinder oil in grams per hour is 


KD, Xm X sn/30. Denoting by u the term Ax/30, we have 
u. Us, Dysn. In the tive most economically luby cated ¢ re 

0, 99.1, 100.6, 164.5, 148, 180 grams per hour and correspond 
ing values of 1.275, 1.633, 1.48, 1.6, 1.6 respectively The 


author concludes that » may be as low as 0.8 or 1.0 before wear 


occurs. With uw = 1.6 there is about 50 per cent saving in « 
compared with present consumption, and this saving may le 
increased to 75 per cent if special efforts be made 

It is reeommended that oil] separators be installed it Tih 
exhaust. and that the separated oi] be cleansed ar Ise 


lubrieation; also, that the exhaust pipes be drained and the super 


heat reduced. An allowance of oil on the basis of O L.th J), s 
should suffice, and a premium may be offered to encourage ecor 
omy. When using drip-feed lubricators with thick oil, the lubri 
cator should be heated by locating it on a hot part of the evlinde 
or by other means. Springs and valves are to be avoided in lubr 
cators. Improved bearings and lubrieators save oil. Graphite 
often makes possible Important economy in oll. Suitable greases 
may replace considerable quantities of oil, especially bearings 

Tar fat’ oils are a useful substitute for petroleun s in be 
ings but not in evlinders. The author considers NO per ce 
saving in eviinder oil is possible. A saving of S87 per c« ! 
hearing oil has already been effected. (Science Abstra See 
tion B—Electrical Engineering, vol. 22, pt. 4, no. 256; Ap St) 
1919, Item 230, pp. 114-115. 
MOTOR-CAR ENGINEERING 

Motor-Car-Engine Governors of German Design 

GOVERNING OF Moror-Car ENGINES, Pretoriu Deseription 
of some of the governor devices developed Germany. 

The devices shown do not represent anything radically different 
trom those used in this country. Of interest is the governo 


aircraft motors diagrammatically shown in Fig. 7 the purpose of 


which is to cut out ignition in case the motor exceeds the desired 


speed of revolution. The underlying idea in this governor is that 


in the case of the rupture of the transmission svstem, tne engine 


mav run awav to a dangerous extent. It should be borne in mind. 


however, that the cutting out of the ignition when the engine has 


reached a very high speed of revolution may produce dangerous 


stresses in the engine parts. 
The device shown 1n Fig. 7 1s so designed as to obviate this to 
a certain extent. At the normal speed ot rotation the governor a, 


and the spmdle b controlled by it, take the position indicated i 


the figure. As this speed is exceeded the governor takes gradu 


ally the position indicated in the figure in broken lines, and 
thereby the ignition apparatus is short-circuited by passing the 
current through the engine frame mass f, and the ignition system 
is put out of action. 


has to be brought by 


In order to restart the engine the spring g 
hand into 


its original position where if 


engages with the eateh ce. 
Fig. 8 shows an interesting device, the purpose of which is to 


keep several engines running at the same speed. The speed indi 


cators of various engines are provided with sliding contacts so 
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arranged that the engine running bevond the 


desired speed is cut on ! he engine reaches a certain lower 
speed 
It is not quite clear how the engine of which the ignition has 
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PRIME MOVERS 


Recent Developments in Design of Small and Medium- 


Sized Turbines for Mechanical Drives 


[URBINES FOR MECHANICAL D s, R. R. Lewis. A « mara 
recent aevetopme! hig construc n + 
All Irtoinne are the nits intended for the ook aks 
pul }?> ills and 0 ©! oderate speer apy ara . 
irbines ol his tvpe re ofter on P —— q 
nore or less inaccessible place = where the ire ‘ to ree 
ittle care and attention, and must be RNR Se 
sunple construction 
lire and bv the sé ot the best material through a 
ons whe ure very difheult to meet because ~ ecessir 
the units should be of moderate cost and at the same time 


able for a wide range of operating conditions. For instance 


driving centrifugal pumps, the speed depends largely on the 


head under which a and turbines for this 


Again, the 
steam pressure may be anywhere from 75 to 200 lb. or over, 
he 
may 


pump 1s to operate 
ice must run at speeds trom SOO to 3600 r.p.m. 


and the back 
( 10 Ib., 


pressure 


the 


may from atmospheric pressure to 20 


or turbine be required to operate with a 


\ lui. 


ENGINEERING 


‘O01 
To build a special turbine tor each eo binatio ot eon 
ot course, would be impossible: but practiea the me reé t 
Is secured by aesigning certar tan rr eleme ts, Lt nu Me 
which Cal re combined to tor Diets } ( } 
exactly fit any particular case 
In the ae ol rhe l rT ] ! (; ? le ( 
(ompany, the pla ol cor rue 7] ) é ‘ ) 
or three bueke whe ! i l 
tyine ‘ ind } re of t¢ al ! 
0 ‘ ! ‘ ‘ hie? hie ‘ 
connections ries ! ) ‘ ) 
if ere! Perens 
lhe turbine (Fig. 9) is « ( \ ( 
Ca . ( rela ( hy I ‘ ‘ 
ent nozzle. In enter t] es fir 
in emergent e enes ‘ é f 
rainer. and ' mor e | t 
enter the turb * proper throuch tf lirst-st re ono eS ne te 
the exhaust opening 
The governor is of the ce ‘ ‘ 
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RAILROAD ENGINEERING 
Startling Savings in Power Achieved by Applying \ero- 
nautical Experience to High-Speed Locomotives 
Tue WIND Mar 


This article is which it 


RESISTANCE ON A J ( KF. Dendy 


abstracted partly tor tlh rmatiot 


contains and partiv because it presents a good ¢ xample ol the 
benefits of what is known as the cross-fertilization of science 
that is, the application in one branch of scienee ot theory n 


another and apparently unrelated branc! 


It has been known for a number of years that wind resistance 
affects the power consumed in propelling fast trains, but litth 


or nothing has been done actually to take care of this condition. 
The author mentions only the fact that about 25 years ag 


the South-Western Railway, Mr. 


made some oT His 


Drummond 











702 MECHANICAL 


smokebox doors conical In shape, 
tal With the 


tinental 
adopted on the 


a plan followed on some con 


railways. same end in view a wedge forma 


tion has beet Paris, Lyons and Mediterranean 


Railway. 


that the 


attracted considerable attention in conneetion with the hie 


It might be added here question of wind resistance 


| speed 

electric railway tests on the experimental line at Zossen, Get 

many, Dut the matter had not been placed on a seientifie basis 

til quite recently—thanks to the work which has been done in 
co eclion With aeronautics, 


Phi orsepower needed to overcome Tront Wine pressure ! 
creases Wil the ¢ ibe, not merely ot the speed ol the train. but 
also with that of what is called the “ created wind.” whi nthe 


eXpress trains may easily exceed 80 m.p.h. 


+ 
ance Of 


"hie 


ail l speed 


resist the air to a surface moving normally to 


mia be represented by the expression ALI). where 


i, and A al 


and JV in 


1 is the area exposed, Vo the snee eonstant If A is 


ired in square feet miles per hour, A 


At 60 m.p.h. the value of this expression per square toot ot 


erse surtace 1s approximately 144 hp., and at 80 m. 


It we know the “all out speed in a ealm, sav, 70 m.p.h.. 


numerical limits can be assigned between which the speeds w 
le for any ratio of train to wind speed, such as are shown i 
Fig. 10. Here V cos represents the resolved part in the dire« 
tion of travel over wind blowing with velocity Voat an anele 4 


the rails. 





















= 60 
5 
wy 4 
10 — iwirts OF ¥ 
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ae Cor 
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RATIO OF TRAIN SPEED T WIND SPEED 


TRAIN-SPEED AND WINb-SpeED CURVES ror Fast-MoviNnG 
TRAINS 
The speed of the “created wind” increased with the strenet} 
of the natural wind and 80 m.p.h. is quite a moderate figure 
to take for it. 
Aeronautical practice has shown what is the best sHape lor a 


body which is to be driven through the air at speeds of the 


under consideration. The front should be quite * blutf,” a 
sharply conical or wedge-shaped form not being at all the ideal 


to be aimed at. W hat 1s required is to reduce the transverse lat 


surface as much as possible, smooth off projections and use gen 


tle eurves parallel to the natural flow ot 
The type ot 
well to modifications in this direction. 
Take, 
With the very slight bulge usually adopted for the door, the 
may be taken as 


the air. 


modern * extension ” smokebox lends itselt 


for example, a large smokebox 5 ft. 8 in. in diameter. 
Tront 


concerned 


equivalent, as far as the pressure is 


to a flat surface—in this case an area a little over 25 sq. ft. 
The horsepower abstracted for V = 60 is 32, and for J 80, 
is 7) 


[t is a simple matter to reduce these figures to a extent. 
If the ring at the front end of the box is made only just large 
enough to carry the door, as shown in Fig. 11, or, say, 4 ft. 8 in. 
diameter instead of 5 ft. 8 in., the front surface is reduced by 
8.12 sq. ft. The result is a clear saving of 10.5 hp. for V = 60, 
and as much as 24 hp. when V = 80. 
But we can go further than this. By 


vreat 


forming the door with a 


JOURNAI 
el 0 AY kK 


Tht 
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radius of something under 3 ft., instead of the usual one, which 
Is trequently as much as 18 ft., we ean produce a front door 
much superior trom an aeronautical pomt of view. such. for 


Fig. 12. 


saving of the 


example, as is shown in It is reasonable to expect this 
] i Ff ‘ 


smokebox to effect a order o ze? ». Wher he 
“created wind ” speed is 60 m.p.h. and 60 hp. when it is 80 m.p.h. 


The author claims that the shape of the locomotive is deservin 
of caretul study and that some modifications of such value as not 
only to be wor making in the case of new engines, but possibly 
even worth winule to be introdueed in the existing ones as they 
come nto the shops tor eavy repairs 

\ 

all ) 





' : \ | 
: j . 
} \ \ 
e | 
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| | | 
Aw 
i — SK 
" Y 
2 LD 
t oY al P Section of End Ring (Cast Stee 
on at Edge of Door , { Radius of Door about 2 
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SAVING IN AIR ReSISTAN 
Credit is given to the Report of the Electric Railway Test Con 
mission, New York, 1906. li} Engineer ol. 127. no. 320 


May 16, 


1919, pp. 473-474, pA. 


Wear or Steen WHeens. A test was ree 


ducted by the testing department of one of the large railroas 
to determine whether or not. ste wheels My Den 
present serap wearing limit can be used wit! ite 

For this purpose four rolled-st wheels which had be 
service under locomotive tenders were selected tre alot ot ! 
wheels. They had treads worn from 2%. to 2 n. below 
new diameter or about 44 in. above the limit marl 

The treads of two of the wheels, Nos. 1 and 4, were rned 
a thickness of 1 in. or to the present scrap weal ! \ 
flanges were turned to the minimum allowable ickness of 15 
in. and with vertical surfaces and sharp fillets, similar to 
worn conditions developed in service. 

The M.C.B. drop-test machine was used for this test 
wheels being supported In a Way that caused the entire nyt 
to be taken by the flange. 

lor static tests sections 1 in. thick were cut from each ster 


wheel and tested in a Riehlé testing machine in a manner show: 


an illustration in the original article. The arrangement was su 


as to provide a loading whieh produced nu thrust na 


parallel to the axis of the wheel and similar to that which oceur 
In service. 


In addition to this three east-iron wheels were selected fr 


among the scrapped wheels at a large wheel fou dry and test: 


in a manner similar to the steel wheels 


The results showed a decided superiority of steel over cast-ir 


wheels under thi drop test and indicated that a reduction of 


thickness of the tread does not affect the strength of the flar 
in rolled-steel wheels. 
The failures of the 1-in. test sections were similar in that 


broke in the same way at about the same place. In no ease « 
the break the throat of the the thinnest 
section of the tread, but always to one side of the thinnest sectio1 
toward the center of the tread. 


occur at flange or at 
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Phe re 0 he «ro st indieate that the rolled eel whe 
Whose tren were turned 1, ! below thre pore ent crap weal 

7 vith " ‘ o thie TABREERALEE LIT allowable thiekme “, ha ‘ 
eidedly stronger tlanwes than cast-iron wheels, the flanges of whi 
re worn to the. rim allowable t rekon 

he naa re i! 0” He 1a re “ hhe ( 
sheate tha here » weaken effect o ! 
‘ ed ob reduen rea line es L here ! 

‘ } re iw et “al ‘ ’ 
Vecha PEL ‘ jo, 00. i, ol M9, pp. 43 s 
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ilety in Power-Press Work Without Reduction in Output 


. a Powrr-Press Work Accident records 


( ! power presse 
, ' . das haan I; 
eis — he operator's fingers are caught under the ram 
prer ! | Ss nav be due ‘ < 
el ! i is hand betweer ( ‘ 
‘ ‘ r oD ‘ ; sie - sad be ’ 
‘ n of ene meas murat he s ; 
pera i! l wit S oO 
soe ; not practicable, to install a guard which 
}) f e operator hands being eaneht be e% he « 
‘ ( ‘ 
, re ‘ eC op i ) ‘ 
! ( Lor l ( 1) for s« ( ergy n< ‘ 
develop such a feed 
e€ sa rding of presses should begin w e des 
dies und it is essential to design them so t at the ope 
not put tis hands between them. The use of sliding. r 
ing or dial dies as compared with the old tvpes where eas 
irate piece had to be put under the die by hand has already 
a great step forward in the direction of insurine ereate) 
ety But even in hand fed dies increased safety may he 


Spontaneous ¢ ombustion, What It Is and in What Mate- 


rials It Occurs 
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oO enunsed bD pnerer ) 
hay responsible for such ocenurence nd in Holland a preventa 
ef is tound in ¢o mon salt whiel Ss Se ered betweer the laver 
of hay during the erection of the stacks. Tsehireh, who fives 
theory to account lor the spontaneous ignition of av, recommends 


thorough drving of the hav betore staekir 


process desioned 





















































































































































































































to minimize enzymie action, and alse thorough aeration of the 
stacks. 

From other data collected in the paper it appears that quite a 
large number of substances have the ability to take fire spontane- 
ously under certain conditions. Among such materials are men- 
tioned tobacco, lupulin (an extract of hops), aniline dyestuffs, 
dried fish, bone dust, wool, and various chemicals. The paper is 
of particular interest in connection with the question of storing 
and transportation of the materials above enumerated, particular- 
v on shipboard. (Journal of the Royal Society of Arts, 


no. 3474, June, 1919, pp. 500-507, q) 


vol. 67, 


STEAM ENGINEERING 
How a Difficult Problem in Measuring Air Volume Has 
Been Solved 


DETERMINATION OF THI 
NATOR, SS. I, 


EFFICIENCY OF THE 
Barelay and S. P. 


TURBO-ALTER- 
Smith. The efticieney of the 
in terms of the rate of 
steam consumption in relation to the output of eleetrical energy. 


turbo-alternator is usually expressed 


Beeause of this the purchaser has little 


in the 


direct economic interest 


accurate determination ot the ellie1ency ot the alternator, 


which is, nevertheless, a matter of considerable interest, as it i 


dicates the quality of the active materials employed and the de- 


gree of exeellence ot the design. 


The authors point out that in determining the efliciency of 
alternators stray losses are either Ceduced in some conventional 


way or ignored altogether, but as the size of the alternators be 


comes larger the stray losses become ot oreater Importance al d 


I 


t 


furthermore cannot be convenier thy determined on account of the 


difficulty of making tests. 





hic. 158 Neocretrri & ZAMBRA ANEMOMETER 


lhe present paper shows how stray losses can be deduced fron 


Ineasurements ol the alternator 


the cooling air flowing through 


and also what order to avoid 


precautions should be taken in 
securing misleading results. 

The electrical part of the paper, while of considerable interest 
in itself, lies beyond the strict scope ol MECHANICAL ENGINEER 
ING, but the part referring to measurements of air volume and 
temperature is of general interest. 

for measurement of air velocity the writers consider four 
the pitot tube, venturi tube, electrical methods, and 


ie use of an 


methods 
I anemometer. For purposes of the tests carried 
out by the writers the anemometer shown in Fig. 13 was used. 
Because it was found that a well-made instrument when properls 
handled gave sufficiently accurate results and further 
of the air flow 


m account 
being variable in direction, the anemometer is 
probably better adapted to read the absolute value of the average 
velocity at a given point than are more exact instruments. 

The two inherent defects of the anemometer are due to the 
The effect 


of friction on the reading is, however, slight when the velocity 


effects of friction and the inertia of the moving parts. 


of the air is considerable and the velocity of the air discharge 
from a 


turbo-alternator is of the order of 2000 ft. per min. 
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With an instrument of the kind used by the authors measuring 


about 2.6 in. over the tips of the vanes, the frictional effeet is not 
more than 3 per cent of the vane-wheel speed, so that even an 
appreciable error in the correction for trict on as only 
gible effeet on the result. The 


when the air tlow is variable. 


hé 


a negh 
effect of inertia is of appreciable 
Importance only 


The authors have checked the ac racy and consisteney of the 


anemometer in several 


ways. When a fan delivers air to a 
given system of ducts, the volume of air dischar red is a linear 
po a | 
} 
Eo 
| Plans 
I Ye 
| | 
} | 
| 
\ 
\ 
\ 
A 
< . 
7 
ic. 14 PeMPORARY DiscHarRGE TRUNK Usep To Facitirare MEA 


UREMENTS OF AIR VOLUME AND TEMPERATI 


function ot the speed ol the lan that 1s, } s tlie CoLUtnne 


air delivered in unit time, and n is the 
fan, then V Kn, 


speed of revolution of ft 


where AK is a constant. Therefore, by runnin; 
an alternator at various speeds and measuring the air volum 


each case, the accuracy of the anemometer readings is establish 


il they bear a constant ratio to the speed of rotation I} 
authors have found that the results obtained in this wav are ver 
satisfactory, as is shown in the typical case given in Table 3 
rABLE 3 rYPICAL TEST RESULTS SHOWING CONSTAN' ATIO 
PWEEN VOLUME OF AIR DELIVERED BY FAN AND EDOF RO 
TION (MACHINE NO. 7634 
J | { ” » uu 
K My “ 
Variation trom 
mean value of 
K, per cent 0.7 0.37 } ‘ 
| 


The accuracy of the anemometer was turther cheeked by co 
paring the known loss in the alternator 


with the heat ener 
being carried away by the air; and still further, two new inst: 
ments calibrated at the National Physical Laboratory and an in 
strument that had been in use for two years were mounted 
succession in a given position at the discharge outlet of an alte 
nator and were run for varying periods, during which the spe 
of the alternator and the load were maintained as constant 
possible. All these tests simply indicate quite a satisfactory per 
formance on the part of the anemometers. 

The measurement of the volume and temperature of the au 
discharged from the alternator proved to be no easy matter. The 


first difficulty encountered was a consequence of the great varia 
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tion in the velocity of the air at the disehares opening ot the machines, so far as the « lestior es)y ter u ( 
alternator due to the peculiar shape and disposition of the opel indicates that. i veneral, high at as . ' - 
ngs in the stator core and frame and also ot the rotation of the per kilowatt output ¢an he ) thie 
rotor tending to cause the air to discharge obliquely instead of creased, particularly in capacities O.000 | but 
ertically one mal it L5.000 k ecapacit = nou n Ser on 
In order juahize the air flow a temporary discharve ty be assumed t ) rease 
ndefinitely 
It would appear in the op conimittee that with the 
present prevailing frequencies speeds and the recognize ( 
ors Of Safety, etheieneyvy and « t 1Ze ! stems To 
hardly warrant nits larger tha tM ok capacity | 
2 crease ol percentage Which the ind dua turb renerat eal 
to the total renerat Capacity 1 ike the reliab 
of this type of machine a matter of much mor nportance from 
the operating standpoint in 1 vas Pp ous] eonsideres 
l becoming nereasing ’ > ) , 
‘ iryves To sale ird this Cana 
In Is Conner ) ite ‘ ‘ ur 
: chines have records of continuous pert al uni 
Surpass anything previous ( : ( ssib For 
one of the 25.000-kw nits is CO? ete two 77 
\ 67 pe r cent load bactor nthe ti ! Tales i 10 per Cer f 
< ane 
second, Wwilhout s tad 
} 
\s regards causes of troubl Tt LU.000 Kw 
eertain teatures of « ) ! ) ‘ er ( 
1» "1 ‘ ah > : 
} ’ ‘ s | orl ) ROM lives rus READINGS I 4 . ‘1 of troubk Labvrint nackin ' thrust _— nes 
‘> NIN " ] [PORARY DISC HLA Re RUN ‘ . 
this Class, also excess ( i maT rs ( 
, , and dangerous rubbing of stationary ents, W 
ich as show! n | r. 14 was hitted and the air ve locity measured , a 
‘ In extreme cases ave res ed ‘ 
i el ! pitot tube across the discharge opening ihe T most serious situat is |b ’ ) 
esu obtained are shown by eurve B in Fie, 15 lo equalize 
reeent turbine-w hee l ‘ 
r > , er los MWhes eX nded-meta La fh 
? : ; ‘pane . I) reneral, records of operat , reer ry eS { ‘ 
mes Were fitted in the trunk. Curve A in Fig. 15 shows the in +) 
=) : nits id ea i Wy i il eC! 
mav ie expects 1 " i ‘ ) i ( 
’ 
nemorme r id re taken at fairly treque) ler | trie I I 
’ . machines of sma r capac rhe ng ‘ ( ) 
erage l ean be Tound with a sufficient degree « ( “ry boos — ' : 
’ aueced erbatin | es i ’ . ‘ e. a 
i I stance he expanded-metal battles to the tlow ? eG F ; SerEe 
anv definite statem«e a s tin ” prema ( é 
ur Was ‘ 0 i appreciable effect on the temperature : : a al 
: mittee Wishes ndleate ‘ ecess al ‘ rT) 
the alternat . } . 
satecuarding a ist rther Possih i res Oo machines ww 
or the aecurat surement of the air volume it was found , a ar aes , » nrohlem 
1] , operation and aennitely reac ne s itu 5s oO ose Yi ems 
esirable that T rhe ‘ ara opening should be al ded | ! 4 s £ . ' ? 
1 whi nvolve important teatures desig l « struc 
e ‘ ’ oh , , » ¢) ral) : ; . e 4) ’ 
aon ; a oe ee eer Oc fhe om In the discussion which followed. W. L. Abbott, Mem. An 
mete nh be done bv stretching thin euards aero the . 
reve’ung ‘hin guards a Soe. M. E., chief engineer of the Commonwealth Ed Co 
] ’ , , . . dee > 
ink es chow so . takine . _ s¢ > ding ‘ : : : i . 
i , ] v 14 - ee the anemometer read) Ove! ( wago, stated that although " YT ? ad Ta! e¢ 
wh square or s} 1 medi sized ac s the lares t , 
= oe For ul and medium-sized machine e squares in large machines, nothing in the situation warranted distrus 
‘ ( ‘ , vy te ) vit! } ] rt oft « ot > ‘ ‘ 
‘ ) ‘ thie neti de ’ t ) the larve units, and the troubl vas due yw " " we CO aered 
r erv large mas hes the size might be increased what —- a , 
} 1 ‘ as incidental faults 
vol taki rine ssarily are ! y r of readines : . ; ie ou ; 
¥ ee tieat os . ; : ; W.S. Finlav, Jr... Mem. Am. Soe. M. E.. o Interboroug! 
rtal eTTOT = niroduces Into the readings bv the dela I 


; : cx, Rapid Transit Co., New York City, pointed out that his cor pany 
irting and poppira the ; rise : 


anemometer, and also as a } 


ul in operation three 30,000-kw ad one 6U,000-Kw. reactor 
the mar ition of the eateh that throws the recording dials : ' e 205 kw. and 
yes: 1 : ; } gte | . turbines, but as the stations were respe f of 200,000-Kkw. and 
and out of gear intertering local V with the air tlow hes . : , 
: . Soge : 195,000-kw. eapacity. the ee whines ere rea compara 
ecules can readily be overcome by movine ft] Instrument ’ ’ ; j 
- : i“ ng ‘ ay tively smal] units consideri: ‘ otal sta m capac \ Nepor 
iplaiy tro are to square without stopping it, and the aver ‘ P } last rht 
. 1} a } ’ , of Prime Movers Committee of the National Eleetrie Light Asso 
re Value Of the air velocity is rounme Vv dividing the total read , - ‘ 1 a1 7. wou 
ne ~ ‘ ciation, abstracted through / ' 9, no. 21, May 27, 1°19, 
by the imber of squares. Che authors have tound a shght 9) @9 
' : pp 832 834, gA 
t appreciable fleet 7 adopting tins satea t S «esr ix . 
; . Vv ng tm areguare ; I OW OF STEAM THRO P Es, AA. Stod ‘ 
Ne to run the anemometer for an ; “ecial eriod over ea ’ OG-] 
: ( > I ippreciable per ; eT ea De utsch ir } 63, pp ] yt), a 17 F ind rT) My vu, } 
uare, 15 see. being the minimum desirable time, and a Jonge) ; ; , i ~ the ateoen nes 
. 1919 ey sceripes experiments l t ormis © sereai 
riod up to one minute being preterable when cireumstances lal , 
i ; F ol ign-pressure steam Towing 1n pipes « arious shapes 1 the 
ermit. : . , ve ) ae eee a ts 
= , experiments are based on observa ns pitea wes a 
The paper discusses various corrections to be made, sueh as ' ‘ i ;' 
- ts . distances from the axes of the } t minbere on 
feet of temperature on air density, effect of atmospheric pressure 


skew al ' ffeet of humid air det 1 ee along their lengths. (Science Abstracts, Seetion B—Electrical 
air density, effect o imidity on air density and specific heat, Engineering. vol. 22. pt. 4. \% 56. An (o>, 1919. Iten 33, 
d effect of temperature on speeihe heat. ; 1] se 
mn _ . > . ” . 
The discussion, whieh was quite extensive, dealt mainly with ! 


electrical part of the paper. (Journal of the Institution of 


ectrical | Mmaginecers, Vol i. no 281, April 1919, }>}). 239 3] +, 1] 


2 CLASSIFICATION OF ARTICLES 
rs. In the paper and 3 in the diseussion, @A ) 


Articles appearing in the Survey are classified as ¢ compar: 


The Large Turbine Has Come to Stay tive; d descriptive; e experimental; g general: h historiea 


m 


STATUS OF LarGe TURBINES. Report of Prime Movers’ Com 
ttee of the National Electrie Light Association. 


A consideration of the praetieal limit in size of single-shaft 


mathematical: p practical: s statistical: ¢t theoretical Articles of 
especial merit are rated A by the reviewer Opimions expressed 


are those of the reviewer, not of the Soelety 
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The tentative report of this Committee was pre sented at the 
Spring Meeting in Detroit and was diseussed at three sessions 
| at the first session the attendance was reasonably large; at the 
MECHANICAL | | nae nit 
v 4 i Lat 5 Does this mean that the Society is satistied w presel 
ENGINEERING | aims and orga ation and not terested ino its tTuture develop 
Ll (o42% LIN ment? 
THE JOURNAL OF THE AMERICAN SOCIETY Phat cannot be r they are of course mterestec 
OF MECHANICAL ENGINEERS Then why not give some evidence of it arid ta 
re issing the report and offer suggestions 
_ in The report was published in tull mm the Julv number ot 
Published Monthly by the Society at Me Nd | RING, (page 601), together wait ela 
29 West Thirty-ninth Street, New York SUeeveste e Spru Meeth dia 1 il e 4 
M. EK. Coorey, President Cusslol It is the itv of every member of the Socrety to read 
Virttam H. Winey, Treasurer Carvin W. Rice, Secretary the report and the discussion care lv a to ‘ e | ‘ 
PUBLICATION COMMITTEE: on Aims and © vcssctaant hte e bent Pi sags 
Georce A. Orrok, Chairman J. W. Ror be done a . betwee woand e Annual Me : 
H. H. Essetstyn Georce J. Foran | December, the committer ist prepare its f iL rept 
Raven EE, FLtanpers which necessar\ nees will be made it ( 
PUBLICATION STAFF: By-Laws. 
| Lester G. Frencu, Editor and Manager The Society will have ada fu ~ to make 
ZEON CAMMEN, - . . Wants i? e re ! 
_ ey Associate Editors ' m bet a ee ee We ie wa a 
W. E. Buttock, Assistant Secretary Picns are das rreat changes in almost evet 
Editor Society A ffuire Ps leom pi erlga artng anata pia ' 
FrevertckK Lask, Adrertisina Manager , rah ee desire | 
Wattrer B. Snow, Circulation Manager ee q a . momhore ond 
136 Federal St., Boston ; ; ica rz eee P = ‘¢ ey ni ait this eel the 46 ann the Go 
Yearly subscription $3.00, sinme es 35 cents Postage Per “ ' 
to Canada, 50 cents additior * to 1 gn countries $1.00 ad dle, wv torever atter to bold err pene 
oo of interest to the profession are solicited. Com M. FE. ¢ 
munications should be addressed t the Editor 
[nternational Standardization 
A Tribute to Mr. Wellman 
Prof. Comfort A. Adams, Chairman of the Amer 
lt was my happy privilege to be a close friend of Mr. Samu neering Standards Committee, has recently returned from | 
Thomas Wellman; to be associated with him in many organiza and England, where, in company with Hl. M. Hobart, also « 
tions, and often to be his companion in traveling throug Huroype her of the Comn ttee, he investigated the work of standard 
and the Orient. Throughout this period, covering more than a societies and the possibilities of establishing cooperative relation 
third of a century, my affection and admiration for him constant with them 
ly deepened, In this country, according to Professor Adams, the wort 
As one of the construetive men in this, the steel age, Mr. Well engineering stat dardization has up to the present time bee 
man was known, not only in this country and in Europe, but conducted largely by independent organizations, and, altho 
throughout the world. I remember an incident when visiting the some instances there has been fairly effective codperation betwee 
great steel works at Hankow, China, a few years ago. The — organizations with overlapping of interests, this has been entire 
Chinese works manager was conducting me through the plant, voluntary and without any well-established coordinating cent: 
and when we came to one of the charging machines recently in hodvy. The result has been not only much confusion result 
stalled in connection with the heating furnaces, and stood watch from conflicting standards, but also in many cases the tasl 
ing the powerful arm reach into the oven as though it were human standardization has been undertaken with rore energy tl 
and handle the white-hot ingots, the manager remarked, “ This knowledge of the requirements of the work 
machine is from America, and the invention of Mr. Wellman.” Standardization is a task which should either be thoroug! 
It was indeed a pleasure to say to him that the inventor was on done or not at all. In fact, manv of the effor's in this field ha 
of my best friends. heen largely wasted. It is impossible, for example, for any 
Mr. Wellman was intensely devoted to the work of his profes eanization to enforce standards. and the onlv wav to bring the 
SION, vet because of his exalted principles and his broad view into universal ise 1s by enlisting the interests and services ot 
of life, he was interested in all that pertained to the uplift of his of the organizations involved in their application 
fellow men. The need of cobrdination in this field has been increasingly 
Holley, Fritz, Wellman—a trio of contemporary engineers and for some years past, and about two and a half vears ago th 
pioneers in the steel industry! They have passed from among national engineering societies and the American Society for Te 
us, but because of their notable achievements and their splendid ing Materials laid plans for establishing the Amenecan Engine: 
characters they will continue to live in the hearts of all those who ine Standards Committee, whose formal organization took p 
knew them, and to be an inspiration for good as long as industry in October 1918. The Committee is now undergoing reorgar 
eXISIS, tion to the end that other societies interested in the work 1 
AMBROSE SWASEY admitted. and the proposed reorganization has been full 
ported in MecHANIcAL ENGINEERING for July (p. 638 
What Are Your Ideas ? Standardization abroad is also receiving considerable thou 
In France the organization is called a Permanent Commissio1 
Is the membe rship of The American Society of Mechanieal Standardization, and is appointed by the Minister of Commet 
Engineers making the best use of its opportunity to have its In Holland the organization is known as the Normalizati 
views on the affairs of the Society and the conduct of thos Bureau. In England it is the Engineering Standards Assov 
affairs considered and incorporated in the report of the Committe tion. In Switzerland a similar organization is eontemplated, b 


on Aims and Organization? it has not as vet been perfected. 
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Holland and France are ot comparativel W hil Tr be an is e 
the British association has been in operatio! tl ittitude |} indoubted hee 
ars and is doing an enormous amount of vet » the ree movement towat 
aving secured the contidence of the governmer ! ay ! ! ‘ 

re organizatior ( extel ( the 
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vivoeated by many lab organiza br e} ( S 
this action by the American Federation « ( onst nm of t] 
an incident ot similar import, even, if of s1 el | Allies during var 
hich oceurred at the Industrial Relations Session o nd American et ee} 
ean Society of Mechanical Engineers at Detroit. This reliable gas bags of pre 
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producing on a commercial scale helium gas, the use of whieh in 
dirigibles is expected to revolutionize ultimately the whole art by 
making balloon fires and explosions practically impossible, the 
need tor which was so shockingly demonstrated by the recent 
explosion of the dirigible at Chieago. MECHANICAL 
,NGINEERING tor February, 1919, p. 155). Helium, however, 
was not used in the recent trip of the R-34 from East Fortune in 
Scotland to Roosevelt Field, Long Island. 

This performance would have been impossible in the present 
vear of without the the research 
laboratories of the allied countries under the stress of the past 
struggle, and in that way represents the fruition of that work. It 
also opens up great vistas of new possibilities for the utilization 


(See 


erace teverish work done in 


of lighter-than-air machines and for the application of the great 
inventions in that field of 


engineering made in this country as 
well as abroad. 


Important Federal Commission 


It having been made clear to President Wilson that the electric 
railways of this country are in a very bad way with respect to 


their finances, he appointed a commission called the Federal 


Electric Railway Commission, to investigate and report. This 

commission consists of 

CHARLES E. ELMQuiIsT, T’resident and General Solicitor of the Na 
tional Association of Railway and Utilities Commissioners ; 


formerly chairman of the 
Commission. 


EpwIn F. Sweet, 


Minnesota Railroad and Warehouse 


Assistant 


Secretary, U. S. Department of Com 
merece, formerly Mayor of Grand Rapids, Michigan. 

EUGENE MEYER, JR., Managing Director of the War Finance Cor 
poration, by profession a banker. During his absence in Europe 
Lewis B. Wehle, counsel of the War Finance Corporation, will 
serve in his stead. 

Royal MEEKER, Statistician, U. S. Department of Labor 

GEORGE L. BAKER, Mayor of Portland, Oregon, and chairman of the 


Organization Committee of the American Cities League of Mayors 
CHARLES W. BEALL, Nominated by the Investment Bankers’ Associa 


tion, member of the firm of Harris, Forbes & Company, invest 
ment bankers of New York City. 

W. DD. Manon, President of the Amalgamated Association of Street 
and Electric Railway Employees. 

I. H. GapspEN, Chairman of the American Eleetric Railway Asso 
ciation’s Committee on Readjustment and of its Committee on 
National Affairs, formerly chairman of the Association’s War 


Board; Vice-President of the United Gas Improvement Company 
und president of the Charleston 
ing Co. 


Consolidated Railway & Light 

The American Electric Railway Association has appointed a 
committee of 1O0O prominent business men engaged in a great 
The chairman of this committee is Mr. 
Guy Kk. Tripp, of the Westinghouse Electrie & Mfg. Co., New 
York City. Experienced men from all over the country are be- 
ing called before the commission to testify. There is now the 
opportunity for doing great good in the country by putting forth 
unbiased information whieh will enable the utilities and the people 
to come to common grounds of understanding. 


Variety ol businesses. 


Considering the fact that a large number of electric railways 
have either gone out of business or into receivers’ hands, and that 
vast amounts of capital are jeopardized, and that the great publie 
dependent upon street railways for their daily journeys to and 
from their business are thereby seriously inconvenienced, it is 
truly an important federal commission. If its work be done well, 
as it is sure to be, and the public profits thereby, much will have 
been aecomplished toward dispelling the prevailing ignorance 
concerning this important utility and publie utilities generally. 

This Commission has no power except to report and recommend 

that is, it cannot enforce its decisions. It is appointed as a 
war-time measure and its members serve without compensation. 
Thus it may go out of existence at the time when expenditures for 
war cease. 

The urgency of the situation is such that the Commission feels 
cannot take time to investigate the different methods of valuing 
properties: 


it 
that its main funetion will have been performed when 
it suggests remedies which will meet the immediate needs of the 
electric railways in order that they can continue to exist and give 
service to the public.—M. F. C. 
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Cobperative Course in Electrical Engineering 


The cooperative course in electrical engineering which was 
established previous to the war under the joint supervision of the 
Massachusetts Institute of Technology and the General Electric 
Company, but was because ot T 


discontinued the S. A. T. C 


courses, is now to be resumed. 

The course covers a period of tive years, of which the first two 
are identical with the old and well-established course in electrical 
engineering at the Institute, and the last three are divided betwee 
instruction at the Institute in 


instruction 


Cambridge and experience as 
at the West Lynn and other works of 
The the 


nature, emphasis 


sociated with 
the General Electric Company. 
the 


problems ot 


work ot final vear ot 
laid on the 


design and development ot en 


course 1s of advanced 


with 
administration, the 
gineering projects, ete. 

While students are at 


work at the General 


they receive regular compensation but are 


Electric Company 


under supervision of 
teachers and their work in the shops is supplemented by confer 
ences with works department heads in 


in which techmieal and ad 


ministrative problems the 


works are discussed. 


arising ut 


Distinguished Service Cross Awarded 


It is with pleasure that we give below an announcement regar: 


ing one of our junior members which has been received fro: 
France: 

Capt. Horace L. Smith. Jr.. First Engineers, distinguished himss 
by extraordinary heroism in connection with military operations agair 
an armed enemy of the United States at Charpentry, France, on Oct 
ber 4, 1918S, and in recognition of his gallant conduct I have award 


him in the 
Awarded on 


name ft the 


President 
December ke 


distinguished service cross 


11s 


JouNn J. PERSHING 


No. 2a Commander 


in-('hie 


This distinguished service cross eitation is the culmination 
many citations received by Captain Smith for valorous de 
rendered in the line of duty Captain Smith is at) pre 
stationed near Coblen Germany. 

Professor Lucke Honored 

Prot. Charles FE. Lueke. Mem.Am.Soe.M.E., and Head ot 
Department of Meehanieal Engineering at Columbia Univer 
has recently been honored by promotion to the rank of (¢ 
mander in the United States Naval Reserve Forees. During 
war Professor Lucke had the rank of leutenant-commandet 


as head of the Gas Engine School at Columbia University dire 


the traiming of large numbers ot men as engineering officers 
submarine chasers and coast-patrol vessels Professor Lu 
promotion was recommended by the Official Selection Board 


the Navy and he 


rank. 


is the first reserve o be honored wit! 
In announcing the promotion Franklin D. Roosevelt, 
sistant Seeretary of the Navy, also made it known that a sper 


citation ealls attention to Professor Lucke’s “ valuable assista 


otheer 


in training personnel to meet the great demands of the war.’ 


Notes 


President Cooley appeared before the Federal Electrical | 
way Commission at Washington on Thursday, July 17, to 
the results of his experience of 20 vears in the valuation of pul! 
utility properties, to the number of several hundred an 
gregating in value well over one and one-quarter billions.‘ 
ment on the important bearing of the Commission’s work 
found in 


- 
> 


another column. 


On the afternoon of June 20 a sudden storm in the view 
New York so completely obliterated the sun’s rays that th 
was an unprecedented condition of darkness, equal to that otf 
blackest night. Aceording to the Electrical World, the demat 
upon the New York Edison Company was the greatest in 
history, increasing in a very short space of time from 250,000 hy 
to 425,000 hp. In spite of the suddenness and magnitude of th 
change, every part of the system met the exigeney without failur 














Engineerin (ou) san Organization of 





ENGINEERING COUNCIL 


National Technical S 
/ nwoimeers, as Well as Those of Pub ( We 
SERVICE COMMITTEE 


Washington Office’ 


NATIONAL 


Contributed by the 


Department of Public Works 


held at Chicago, 


S a result ot a contlerence at 
25, and attended by the representatives ol 


April 23 to 


OVer SV 


engineering organizations (see MECHANICAL ENGINEERING tor 
June. p.557, and July, p. 633), there has been introduced in 
eac] » of Congress a bill which proposes far-reaching 
changes the executive machinery of the Federal Government 
The new b creates a Department ol Public Works which will 


Department of the Interior and will assemble undet 


one hea ill engineering activities of the Government 

Such bureaus o he Interior Department as are non-enginee! 
wir in character are to be placed under the Jurisdiction of existing 
upprop! ate departments The bill proposes that the Patent 
Office be removed trom the Intenor Di partinent and place Lunde 
the Department ot Commeres The Bureau ot Pension 
signed to the Department of th Treasury. The Bureau of Edu 
eation goes to the Labor Department The Bureau ot India 
Affairs is also transferred to the Department of Labor, but with 
the proviso that the engineering and construction work of the 
land nd el surveys now performed under e dire oO 
he Bure of Indian Affairs are to be prosecuted under the De 
partment of Publhe Works 

The new Depa ent WI also absorb the S ipervising Arehi 
tex (thie e Treasur Department; the Construction 
Division, River and Harbor Improvements, Mississippi River 
Commission, and Calitornia Débris Commission of the War De 
partment; the Bureau of Standards and the Coast and Geodetic 
Survey of the Department of Commerce; and the Bureau Publi 
Roads and the Forest Service of the Department ot Agneulture 

The b irther pr des that the Secretary of Public Works 
shal ly t? experience he qu ed to adr ey ‘ 
iffairs o he Depar ent and to evaluate the echnu rt ciples 
of operations i ed j e work thereo he measure ow- 
ever, excepts 11 é revolng provision the Cabinet ¢ er who 
iS at the head ot the Department at the time ol the passage oO 


assistant secretaries, each to be 


paid $7500 per annum, 


their duties outlined. One is to have administra 


tive irisdiction over all matters of engineering design and econ 


struction; another is to have charge of architectural design and 
construction; the third is to have jurisdiction over all scientific 


work and surveys, while the fourth is to be in immediate charge 
of all The 


charged with the duty of codrdinating and bringing into efficient 


land and legal matters. assistant secretaries are 


relationship all the activities of the department so that it may 
be harmoniously and efficiently administered. 

An important feature of the bill is the proviso that engineer 
officers of the U. S. Army detailed on non-military work are to 
be assigned by the Secretary of War to like duties under the new 
department, but for not over two years. This enables the Seere- 
Public 
ments and instrumentalities to civil administration without detri- 
ment to the public interest. 


tary of Works to make a gradual transfer of improve 


Members of the Corps of Engineers 
may therefore, under the direction of the Seeretary of Publie 
Works, be detailed by the Seeretary of War to temporary duty 
in the new department for such instruction, training and experi- 
ence as is desired, 


? Officers of Engineering Council; J. Parke Channing, Chairman; Alfred 
D. Flinn, Secretary, Engineering Societies Building, 29 West 39th Street, 
New York. 

? Washington Office in charge of M. O. Leighton, Chairman, National 
Service Committee, McLachlen Building, 10th and G Streets, 


Lb to create Kederal Powe Comm 0 COMpost 
Secretary of War, the Seeretary « e Interior, and the S« 
ot Agriculture, has been passed b e House Sn 
action by the Senate Sine he water-power qu ( ‘ ‘ 
ubject ot exhaustive hearing he last session o Co 
the committee which reportes he b decided that no rther 
hearings would be held The b Is accordingly substal ‘ 
une as those previous ntroduced d provides tor tl 
provement otf navigati he development o er po i 
the use ot lan he necess 0 he levis on embod 
ft) Is leit in i parts oO he count ind especia ‘ 
engineers who re ( ‘ cted } e pros ( 

Wi) rites | e ild ere re have e close i I oO 
ind aetive ppor e} C0] Cop ) e | Y 
mailed upon req ! ‘ ¢ Washington oftice o N 
7.) Ser ‘ (o ! at 

Patents Legislation 

Important hear . irted before the House Patent ¢ nay 
) July 9, preliminary to reporting bills which pr Pose » re 
move the Patent Office from the jurisdiction of the Departme: 
of the Interior an: » establish a I ed States Court of P 
Appea Another bill being considered proposes increased con 
pensatio d ver fore emplovees for the Pate Otic 

the tormer bi ere di ed by d } é e bac ‘ } 
Nationa Research Societ which has been maki extens sul 

vs ot several Gover é Departments during th past veai 
[It is the purpose of the National Research Society to provide fo 
carrying out many proposed plans to encourage inventors b 

¢ the Patent Office an independent organizatio1 

he Pater (othe s one o the tew Go I lenta el es 

hie self-sustal Last vear saw the first deficit since t] 
ollice was established l 1S37 rhe office « irmes a surp s oO 
$3,150,464 

Other 1 inor changes are proposed by the bills, such a ecreast 
n patent fees and the manner in which they are paid, as well as 
restrictions upon patent attoneys. Testimony already taken befor 
the committee indicates that the employees of the Patent Offic 
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are greatly underpaid and that comparative inefficiency has r 
Su ted because ot | t ] 


i L0SS O1 personnel, 


Appropriation for Topographic Mapping 


Although Engineering Council urged the 


importance ot increas 
ing the Government appropriation tor topographic mapping from 
$300,000 to $500,000, this Important item was reduced to $289,000 
by the House, finally 


approved tor $325,000 by the House conferees. It is ur derstood, 


increased to $425,000 in the Senate. and 
however, that an additional $100,000 may be obtained from the 
Army’s topographic appropriation. 

Engineering Council interested itself in having this appropria 
tion increased because of the value of complete topographic maps 


to the engineering profession. It was estimated that $500,000 
would enable t] e Geological Survey to compl te the topographic 
map program in twelve and a half years. It is now hoped to 


get the remaining appropriation necessary through as an urgent 


deficiency appropriation. 


Army Equipment for Highway Work 


In addition to the 20,000 motor trucks which recently 
turned over to the Bureau of Public Roads by the War Depart- 
ment, arrangements are now being made to distribute among the 


were 
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states a large quantity of additional engineering equipment. This 
equipment will be distributed without charge and in accordance 
with recent legislation, empowering the Seeretary of War to pro- 
vide the States with military equipment not needed for military 
purposes but valuable in highway construction work. 

The additional equipment will be returned from France as soon 
as possible. It ineludes about 1500 caterpillar tractors; about 400 
road rollers, steam and gas-driven; and a large number of con 
erete mixers, road graders, elevating graders, rock crushers, in- 
dustrial locomotives, industrial-railway track, dump ears, steam 
engines, electric motors, and quantities of 


shovels, hoisting 


smaller equipment. In urging the immediate return of this equip- 
ment, the Secretary of Agriculture called attention to the fact 
that the road program was the largest scheme now being developed 
for the improvement of the country, for the use of materials that 
will help stabilize business along a number of lines, and for the 


employ ment of labor. 


Air-Service I evelopment Problems 


Despite the fact that Congress failed to appropriate what many 
considered a sufficient amount for the development of the U. 8. 
Air Service, the Equipment Section of the Engineering Division 
is nevertheless anxious for inventors and designers to lend their 
assistance in the development of various airplane improvements 
and devices. The following equipment is suggested as being of 


particular value and accordingly well worth development : 


Gasoline Tanks. A tank is desired which will withstand a salvo of 
SO-caliber ammunition, equally mixed, service, tracer, incendiary and 
urmor-piercing bullets, fired at a range of 50 yd. and at the most 
vulnerable angle. There are to be 10 consecutive tests on as many 


should be kept as low as 
than for standard 


without fire occurring. ‘The weight 
maximum limit being 75 per cent more 


tanks 
possible, the 
tank weights. 

lir-Baq Floats, Landing Skids, Ete. The 
to prevent the machine from capsizing when landing in water and to 
afloat after landing. 
sina amount of wind-resistance 
light and readily detachable. 

VWobile Independent Cranking Device. This should | 
auto truck. The cranking device should be electrically driven 
arranged so that it can be backed up to the front end of any 
and attached to the flexible arm. The ele 
tric motor is then used to crank the engine, causing it to begin firing 
When the engine picks up. the device should be automatically thrown 
ut of connection with the propeller. 

Gage. 


object of these devices is 


Such devices should present as 


possible, should be 


keep the machine 


l an surface as 


e mounted on 


small 
and 


roplane propeller with a 


Gasoline Supply This gage should be responsive, service 
l 


ble, and accurate to the last half-gallon. It may be mounted on the 
tank, although it preferably should be mounted on the dashboard 
This gage of course must register under conditions existing in aero- 
plane service when the center line of the tank changes rapidly to 
practically every possible plane, and is often 180 deg. out of its nor- 


for short intervals. 
Hangars for Field Service. At present canvas hangars do 
vinds or rainstorms well enough to be practical and they 


Hal position 
Portable 
not weathel 


are generally too small. The improved hangar should be capable of 
housing four De Haviland planes with working space. They should 
provide for the necessary electric lighting and small machine work. 


Campaign for Uniform Traffic Regulations 

The Council of National Defense, through its Highways Trans 
port Committee, is inaugurating a nation-wide campaign for the 
purpose of bringing about the adoption so far as possible of 
suggested uniform traffic regulations and directions. An alarming 
number of accidents occur daily on the highways and it is the 
belief of the Committee that through this movement life and limb 
may be conserved and results of an impressive character attained. 

These suggested regulations and directions represent, the Coun 
cil of National 


thought on the subjeet of highway aecidents, and their cause and 


Defense believe, the best and most disinterested 


remedies, possible to be had. Prepared originally by Mr. William 


t 


Eno, an authority on traffic, these regulations and directions 
ave since been submitted for constructive eriticisms to secretaries 
of state, state highway commissioners, the American Automobile 
Association, the National Automobile Chamber of Commerce, the 
Highway Industries the National Traffic 


Association and to scores of individuals competent to pass upon 


Association, Highway 


this question. 


MECHANICAL ENGINEERING 
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The Council of National Defense will be glad to give the public 
the benefit of lessons learned in this campaign, which affects every 
city and village throughout the country, and inquiries as to the 
progress of the campaign should be addressed to the Highways 
Transport Committee. 


Coal for Foreign Shipment 


An interesting condition has arisen in the position of the 


American coal yroaucers what may be called a world trade. 
| h 


On the one hand, the coal producers, through their various organi 
zations, have expressed considerable dissatisfaction in the progress 
made in getting export coal trade under way. They regard the 
methods thus far devised as not promising. There is dissatistfa 

tion arising trom the rates which the Shipping Board will charge, 
and tear is expressed that American exporters will be unable to 
much lowe 
On the other hand, the Navy has found it 


special steps to provide tor an adequate supply ot 


compete with English rates which are so 


to take 


hecessary 
satistactory 


troops and to 


coal for its use on vessels engaged in the return of 


carry out Navy orders. Under a recent soli 


issue of proposals 


ine bids for the furnishing of steaming coal atter July 1. detinite 


offers were received for only about one-half the quantity requested, 


some of the operators offering only a meager supply and som 


failing to submit bids. This is only partly due to the stringent 


Navy specifications. 


It is therefore clear that this country cannot successfully 
compete in foreign markets it cannot supply its own Nava 
Apparently there is no question but that consideral busines 
can be done under existing conditions in Europe with Northern 


Kurope and the Mediterranean ports. Many. however. express the 
} ; 


idea that there is little hope of establishing permanent market 
there, but there is obviously a good opportunity to take advantage 
of the present situation by rushing quantities of coal to those 
markets at very respectable profits. Besides, our coal producers 


would benetit from the experience, Permanent and tertile fields 


tor this product probably ean best be found in Latin America and 


Canada. 
It is 


how apparent that if Is an economic necessit lor the 


country to do an export coal business, but the restrictions of the 
Shipping Board's high rates, a decided timidit part 0 
the Government to assist. together with the act that o the tree 
of things our coal men are not earing for the ho rke he 
way that such export trade is to be accomplished not cle; 


Nevertheless there being put tort] n Wasl 


Is concentrated effort 


ington to reduces the formidableness ot the obstic ‘ eh cor 


front eoal exportation and it now 


seems probable ‘ vorkit 


plan will be hit 


por 


National Conference on Commercial Engineering 
There 


portant 


held at Washington, D. C.., er 


administra ‘ prot 


Was recently 


conterence composed ol 


engineering and commerce and representat ves of sever: nationa 
engineering and edueational socrelles, The purpose «af the co 

ference was primarily to direct publie attention to the pos ‘ 
need in our country tor an increasing supply ’ ve trained 
voung engineers to enter upon business careers in the direetion 


of industrial and commercial management. 
Dr. Glen L 


of the Interior, was chairman of the conference. 


Swiggett, of the Bureau of Education, Department 
ind the A. S. M 
EK. was officially represented by Dean R. L Sackett, of the Schoo 
College. I"} 


for the 


ot Engineering, Pennsvivania State 


conterenes 
served largely as a ¢| 


earring house exchaner ot ‘(eas lead 


ing to 
ot the 


common thinking and action in 


that 


record the following resolutions wer 


respect to the 


provran 


conterence, and to the end 


these might be placed o1 


passed as representing the 


sense of the conference 


1 Industrial and commercial development has creat: lemand 


: - ibility Manu 
facturing industries are seeking engineers qualified to serve in 


men with technical engineering training and business 


capac 


ities requiring sound business training. Banks and brokers als 
need men with business training and the engineering point of view 
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NEWS OF THE ENGINEERING SOCIETIES 


Reports of Annual Conventions of American Railroad Association, American Water Works Associa- 


tion, American Society of Civil Engineers, American Institute of Electrical Engineers, ete. 


American Railroad Association 


That fittv out of the three hundred exhibits shown on Young's 
Million Dollar Pier, Atlantie City, at the convention ot the 
American Railroad Association held on June 18 to 25, were of 
machine tools, indicates how close is the relation between the 


machine-tool industry and the builders of railway 


Many ot the 


casual study of their design indicates a tendeney toward greate1 


equipment. 


machine tools on exhibition were new models and a 


weight, making for rigidity and greater production. In the course 
of the numerous olficial sessions considerable time was given to 


the diseussion of reports on many subjects pertaining to ear and 
Among these were such sub 
jects as car wheels, couplers, draft gears, car trucks, tank 


mechanical stokers, locomotive headlights, superheater locomotives 


locomotive design and maintenance. 


cars, 


; l- 
SLOCK, 


and design, maintenance and operation of electric rolling 


American Water Works Association 


A notable feature of the thirty-ninth annual convention of the 
American Water Works Association, held in Buffalo on June 9 to 
13, was a paper describing a new and unique reciprocating pump 


ing engine which incorporates the uniflow principle in the opera- 


tion of the pump. The engine is of the horizontal extended type 
having one steam eylinder and one double-acting plunger pump. 


working water pressure is 100 lb. per sq. in.; the sue 
tion lift is approximately 15 Ib. plus the friction in about 60 ft. 


Porter Ave. 
Buffalo. It is 
180,000,000 ft-Ib. 


of suction This engine will operate in the 


pipe. 


water-works pumping station of the City of 


anticipated that the tests will show a 


per 1000 Ib. of steam. 


The report of the Committee on Private Fire Protection Serv- 
ice reviewed the various physical and financial questions involved 


Much 


It was 


and made specific reeommendations as to each. hearty 
voted 


to continue the committee instead of adopting the report and dis- 


commendation of the report followed its reading. 


charging the committee as it recommended. 


A progress report of the American Committee on Electrolysis 
stated that a technical sub-committee had been created and a pla 
had 


to st udy elect roly sis. 


been formulated under which experts would be engaged 


National Gas Engine Association 


Plans for inereasing the activities of the National Gas Engine 
Association were laid at the twelfth annual meeting of the Associa 


tion held on June 2 and 3 in Chieago. The reason for 


reorgal 
izing the Fischer 
the 


manutacturers ol! 


Association, as expressed by President O. H. 
was betwee 
the 


cope with the present situation, particularly in 


neeessitv tor developing a greater cooperatior 


internal-combustion engines in order to 


Ors 1 + Inhor 
regara oO labo! 


conditions. Various aspects of the labor question were treated 
by Chris Heer in a paper entitled The Industrial Committee, Its 


Work and 


employees of each industry affiliating with national organizations, 


Future. Complete organization of the employer and 


cooperating and working in conjunction for the best interests of 


all, he believed, would come nearer solving and taking care of the 


labor question than any other method. 
I. R. Todd, in a paper on Reconstruction Problems, took a most 
hopeful and optimistic view of the future awaiting American in 


dustry. With the balance of trade in our favor, with our grow- 


ing merchant marine and our recent legislation permitting Amer 


ican bankers to establish foreign branches, American business 





nel to coopera 10 torelg trode, re ‘ rhe Wat 
inanes Corporation to extend eredlt to tlie I ‘ PEON 
dollars to promote thus trade, he said, one eann contemplate 
present conditions without anticipating a great future tor \mer 


ican business. 


Another paper ol interest Was an account ob eal pioneering 

days in the gvas-engine field, by George Cornae|] 
American Concrete Institute 

Many of the papers presented at the annual meeting of the 
American Conerete Institute, which was held on June 27 and US 
in Atlantie Citv, N..J.. were devoted to the work ot the Emergene, 
leet Corporation During the war the Concrete Ship Seetion 
kemergency leet { orporation, developer i reel we ! 
weregate tor concrete thereby obtain eonerete ot ¢o ‘ 
able strength weighing or ly QQ |h per cu. tt fhe possibilities 
of using such light conerete im = build construct ere « 


, A. W. Stephens 1 cl praape entitled Keonomu j 
es ot Light-Weight Aggregate in Building Co ! , Lhe 


data and allowable costs per « ibie r ) ‘ 
permit the higher-priced but lighter aggregate to « Y with 
trap rock and gravel 

The report ot the Committee on Standard Buildu lye ons 
for the Use of Reinforced Conerete contained the tollowing clause 

Cinders shall not ised as coarse aggregate ‘ rein 
forced-conerete structure without tests accept t Building 
Department showing the strength of such concrete (‘inder conerete 
may be used for fireproofing, for floor and t eding 
S-ft. span, und for partitions Where inde 
aggregate they sl vw composed of hard i | ree 
from sulphides, unburned coal or ashes, 

This regulation brought out considerable comment Ira H. 
Woolson, who has had muel experience wil cinder conerete 
went on record to the effeet that, in his Opinion, LS per cent ot 
unburned coal was not detrimental and might be permitted in an- 
thraeite cinders, and that a small percentage of ashes could also 
he allowed without bad effects in the resultant conerets The 
matter will be considered further by the commi‘tee in the light of 
the diseussion. 

American Society of Civil Engineers 

Phe annu eonvention ot the \ ‘ ar bee he ( 
rineers was held m Minneapolis « June 17 opie oO 

i@ business Session Was the report o } Devel ( 
tee, which included recommendations in regard to internal rela 
tions and loeal associations, teehnical activities and puble service, 
and relations with other soc1eties, It was the opinion of the eon 
mittee that the identity of the four national societies known as 


the Founder Societies should be added that 


preserved, mut Thre 


ne time had now come when the society should ac opt the 


prin- 


ciple of becoming an active national force industrial 


ePconomie 


and eivie affairs. To do this effectively the recommend that 


jointly with other engineering organizations a comprehensive or 


ganization should be formed embracing (1) the loeal affiliation 


of the branches of the national technical and the loeal 


socrerles 


technieal societies, (2) a state council composed of representa 


tives from the local affiliations, and (3) a national couneil eon 





sisting of representatives of the national technical societies and 
With respect 
to the internal relation of the society, the committee suggested the 


from the state council or state group organizations 


establishment of regulations intended to develop greater activities 
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among the local associations The creation of committer oO at (;reene, JYr.. \ \) sO \| a. ae ) \l al 
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American Institute of Electrical Engineers 


P 1G Johns H {to 2 
( Pre r Jol KF. Havtord, 
Sp ( ! Ce ¢ the Re rt « e | ( ’ () 
) =| { 
) ( " a ‘ 
Mann's p 1} . , 
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During the convention a number of thi tar na committees er « the y 
the society made thetr annual reports (it speela nterest to stimutate the terest t} y 
\ 
mechnar eal engineering protesslo! are those of ( nh? tt e¢ 


16, Mechanieal Engineering Courses, Prof. Osear A. Leut 
er (Mem. Am. Soe. M. E.), Chairman, and of Committee No. \ll of these reco endations were approved neip wil 
, Standardization of Technical Nomenclature, Prof. John R. the understandn that details would be 
ig (Mem. Am. Soe. M. E.), Chairman. late committees 
At the final session held on Saturday morning, Arthur M. In his presidential address, Comfort A. Ad: 
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reat need ot closer cooperation in commercial, industrial and 
Atter 
President 


screntihe tf 


Adams 


briet 


delivering his address President 


Kleet 
the 


ransactions. 


introduced Calvert Townley, who in a 


called 


address 


attention to tremendous work the eng! 
neer had done during the war, and added that the possibilities 
for the engineet making a prosperous period ot peace were mans 


Power Station Committee announced that it would shortly 
to the Institute the 


Limits of Speed ana 


results of its labors tor the last two 


Power otf Single-Shatt Steam 
Turbo-Generator Units. 


In the re 


; 


and Measurements Committee 


port of the Instruments 


rerTerence Was rac 


to the etfeet of the war on the developm«e nt ol 
Ther 
dicated, 


the manutacture of thermoelectric couples in this country. 


moelectric couples of American manutacture, the report 1 


‘are superior in 


to those ot G 


every way rman manutacture 
and are now available tor the accurate measurement of alter 
ating current Gi any frequeney. Their sensibility is such that 
a current of one milliampere will produce a deflection of three 
millivolts in a direet-current voltmeter.” 

* The inerease in the use of eleetrical energy in the iron and 


steel industry in the last few vears,” according to the report ot 


the Iron and Steel] Industry Committee, “has been remarkable 

and partly responsible for the prominent position the United 

States has taken in furnishing steel products to the entire world 

Over 500 motor equipments are in use in this country, driving 

main rolls w a maximum horsepower of over 850,000, whil 
e total horsepower of auxiliary motors exceeds 1,350,000, mal 
fr a total of 2.200000 hp. which requires about 650.000 

In generator capacity. In addition, electric furnaces require 


IVONIT 


ately 250,000 kw. in generator capacity, or a grand tota 


) SOOO ky oe) t 


generator capacity in the iron and steel industry. 
This is hb ar the largest amount of electric enerey requires 
nv one industry, and from all indications will continu 
rease considerably in the tuture.”’ 


American Society for Testing Materials 


Of special interest is the action on phosphorus and sulphur 
S in Various specifications covering steel products taken by 


resting Materials at their 1919 meeting 
held in Atlantie City, N. J., June 24-27. \ t 


Last vear, by sugvestlor 


rican Soe Y ior 


Py 1" 
‘ he Con tee on War-Emergeney, the society introduced it 
heations or finished steels what is known as the p 
puorus and sulphur note. This note read as follows: 
In vie ovmial dificulty in obtaining materials in ti 
limits sulphur in all steels and for phosphorus 
i t s e raised O.O1 per cent above the values given 
t ba = This shall be effective during the period o 
! oth Vise ordered by the society. 
! } = OW heer decided to restore the normal heures ( 
( LLOvs¢ eels in which quality Is most essentially affected by 
and to retain the war clause in the other specifications 
until next vear this action may be summarized as follows: 


removed 119 War Clause Retained 
ridge ste Preset 
stru el stee Building steel 
1’ Station \ ilers Ship ste¢ 
lorgings : gings Carbon-ste ils 
>) s t ) Vie plate 
i i“ Ts I Splice S \ } 
W hee ad (1 al Prack | s | 
SS w ste lates for | tives a " 
| ol stec Lubes ! omotive d st 
Ait ) © SLOCOCIS tional niers 
Csirce nad high te l Chair 
Sy S | > 
. It K Bars for concrete reinforce: 
Castings. 
\ new tentative specification for plates for forge welding, w 


ich 
ot Committee A-1 on steel, 
2 maximum ot 0.18 per cent, phosphorus to 
and sulphur to 0.05 per cent. The manganese 
0.60 per The minimum tensile strength 

18.000 


was adopted upon recommendation 


linits carbon 
0.04 per cent, 
range is 0.30 


Tor 


to 


to cent. 


plates *4 in. or under is lb. per sq. in. and for 


fue Journal 
ENGINEERING \m. Soc. M.E 
plates over %4 In., 40,000 lb. per sq. in. The yield point is put 
at one-half the tensile strength. Modifications in elongation are 


made in proportion to thickness 

The results obtained from an experimental study of the effeet 
ot 
chrome-nickel steel were presented by H. F 
The 


and the 


| and 
Arthur 


nickel 


nickel stee 
Moore and 


about 3.3 


heat treatment on ftatigue-resisting strength ot 


G. Gelric. nickel steel was of per cent 


content chrome-nickel steel contained about 0.8 per cent 


chromium and 1.3 per cent nickel. The conclusion was reached 


trom the pertormance ot both static tension tests and tests under 


reversed bending stresses made with annealed, heat-treated, and 
polished specimens, that the results of a statie tension test are 
not a reliable index of fatieue streneth of a maternal under oft 
repeated low stresses, and that high-stress, short-time fatigue 
tests do not give a reliable index of fatigue trength under oft 
repeated low stresses It was also established that a eat trea 

ment may raise the elastic strength of a steel without increasing 
its fatigue resistance under low stresses, and that perteetion of 
surtace fins Is an lnportant Tactor in determining tatiue re 

sistance under oft repeated low stresses. 

Five papers were presented in which magnetic analysis a 
method of testing ferrous material for quality was discussed 
The first, by C. W. Burrows and F. P. Fahy, deseribed the 
methods used and the results of some measurements, emphasizing 


t 


the very close relationship between the magnetic and the mechan 
lal characteristics of steel Various practical applications of 
magnetic methods were dealt with in three papers as follows: Ts 


the discovery of defects in steel rails, by P. H. Dudlev: to the 


testing of ball-bearing races, by R. L. Santord and M. F. Fischer 
and to the location ot laws in rifle-barrel steel, | R. lL. Sar 
ford and W. B. Kouwenhover Finally, maene , rties a 
atfording a basis for dete rinining microstruc re sjoleres 
by C. Nussbaur 

Five new instruments and machines to sting we 
scribed. Rs 1). Lynel ind P | Brace ! t paper Wire 
les neg I LLensomertel CX} ined the oper ition of This } 
It grips the wire | ti spring clamp at one end ¢ | : 
tance bars. and at the other end of the bars b os , 
which carry mirrors on their ends. Thess rrors refle % 
of light from a small collimation tube at one side o he instru 
ment to a curved seale attached o1 he opp ‘ a Ry 
to 0.00002 in. is possible. A miniature Brinell machine for use 
no imspection of cartridge cases was deseribed by S. L. Govos 
ind KR M Banks paper er lam Developme rs Brine 
Hardness Tests on ‘I Brass Shee ‘| impression is eet 
t 1 16-in. ball under a 15-ke. loa Phe « 0 ry ¢o 
pact repeated-stress machine for testing electrically welded ship 
plates was reported by F. M. Farmer in his paper \ | 
lesting Machine ithe <t p eis a rota ! . ; 

the third-points, and the whole machine is o 
\ new viscosimeter for gasoline, designed by W. H. Hers 
deseribed in his prenpoe { Visceos meter tor G lid 
low tube 24 «¢ imeters engtl instead of } , 
ind Saybolt instrun S \n apparatus in whi , ab of pitel 
sb on a hinged plate whil lmmersed in water. the Der 
iture of which ean be Varied, was deseribed by H. ] Love a 
r. P. Sharples, wpe? Apparatus tio Dotarcrtnnd 
Breaking Point of hes , 

lhere are now 621 nhown trade associations in the eastern hal 
ol the | hited States, of which 323. or over hal are located iy 
New York City, 75 in Chicago, and the a0 


ms : remaining -2 in smaller 

cities. The increase in the number of thes associations has beet 

v has been emphasized by tl 
trom the 


York, known 


’ : 
rapid and their utilit 

: , i - le conditions o 
business and trade 


being 


resulting 


war. <A building is now 
the National 


Street, which it is expected will eve ntually 
become the headquarters of 


erected in New as Associatior 
Building, on Forty-third susie 
the a large number of trade associations. 
thus bringing together many of the important business activities 


of the industries in the direction of interchanges 
tion of specifications and 
edueational campaigns, ete. 


of data, unifiea 


ol 


methods in accounting, direction 














REPORT OF THE COMMITTEE ON INDUSTRIAL RELATIONS 


Appointed to Report Upon the Advisability of Establishing a Permanent Committee 
on the Relations Between Employer and Employee 


lik following report of the Committee on Industrial Rela i! I the t ~ 
be convenient | ray , +} 
tions was presented at a meeting ot the Couneil on Febru ; : 


ary 22, 1919 
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NECROLOGY 


SAMUEL T. WELLMAN 


Samuel T. Wellman, a past-president of the Society, and a 
puoneer in the world’s steel ind istry vhom Charles Schwab one 
eharacterized as “the man who did more than any other living 
person in the development of steel”, died suddenly from heart 
trouble on July 11, 1919, in Stratton, Me.. while on lis way to 
eam. Hiis death came as a shock to his very lara circle oO 
friends, many of whom had only recently met lim at the Spring 
Meeting of the A. S. M. E., at Detroit. 


Tellman was born 1847, 


Warehan 
t that time his father was superintendent of thi Nashua 
Nashua, N. H. 
Nashua and in Norwich University, Norwich, 


on February 5, 


schools of 


He was educated in the 


Vt., where he spent 





WELLMAN 


SAMUEL T. 


War he 


Heavy 


During the Civil 
New 


one year in the engineering course. 


served in the First 


as a 
Artillery. 
Perhaps the most interesting account of 


corporal Hampshire 


Mr. Wellman’s en 
trance into and activities connected with the steel business is that 
given in a letter which he wrote to the Cleveland Engineering 
Society at the time of his election to honorary membership in 


that body. Mr. Wellman wrote: 


Perhaps the story of my leaving home at that time might be inter- 
esting. My father was superintendent of a small iron works among 
the hills of New Hampshire, which among other business included the 
rolling of steel locomotive tires which they made from hammered steel 
blooms imported from England. To properly heat these blooms, they 
had arranged with C. W. Siemens to build a regenerative gas furnace. 
The drawings were sent over and turned over to me, who had never 
seen a drawing of that kind before. My father asked me if I thought 
I could build the furnace and have it exactly like the drawings. After 
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studying them over a little while, 1 told him that I thought I was 
qual to the task Ile told me to get the furnace built at the irliest 
vossible moment 1 had just finished the furnace and had a drying 
mult fire in it when a big black-whiskered Englishman walked into the 
office and announced that he was the Siemens engineer who had been 
sent from England to build this particular furnace My father turned 
him over to me to go out into the works and show him where the 
furnace was to be located, which 1 did, and my English friend was 
very much amazed to find the furnace all tinished lle was pleased 
as well, and said, “ Why, we have only to start the furnace no you 
have made a proper job of building it.’ So everything else being 
ready, we started up the gas producers and the furna nd every 
thing worked to perfection The engineer was so ised with what 
1 had done that when he left he asked me to go with him to Pitts 
suurgh as his assistant in the starting of a crucible-ste irnauce which 
Vas tinished and waiting tor him to start. It is needless to say that 
1 did not have to have a second invitation, but went to Pittsburgh 
with hin This was in IS67, and | spent over a ye the Whi 
first tew months of that time were spent startil up and operating 
the rst crucible-steel furnace built in America, at tl vorks « An 
derson, Cook & ¢ lo show what a tremendous saving this furna 
was over the old coke-tired furnaces, | will only say that it melted a 
ton of steel with «at verage of 1000 |b. of nut coa hich cost less 
than Sl, while to me i ton ot steel in crucibles in the old-fashioned 
coke furnaces took three tons of the very best coke, sting anywhere 
from S2 to S10 tol his style furnuce Was 4 great success 
ind in a very few years had driven the coke furnace out of use 

Krom Anderson, Cook & Co. I went to Singer, Nimick & Co's. 
works, where | built two crucible-steel melting furnaces of the same 
type as the one which I went to Pittsburgh to start. After that ] 
spent some time in the office of the Siemens agents in Boston, and 
also at steel works in different parts of the country starting crucible 
steel furnaces of the same type 1 then built a crucible-st melting 
furnace at the Chr Steel Works in Brooklyn, N. Y., which was a 
success. From there 1 went to the Bay State Iron Works. in South 
Boston, Mass (1 having separated myself from the agents of the 
Siemens furnace some time before this), where I built the first open 
hearth furnace that is a commercial success in the United Stutes 


Chis was a pronounced success in a great many ways, ma a quality 


of steel which up to that time had not been reached in this country. 
Che principal use to which it was put at that time was the manu 
facture of locomotive tireboxes k'rom there 1 went k to the old 


works in New Ilampshire where my father was still superintendent, 
ind built ther in open-hearth furnace, a plate-rolling and bat 
rolling mill. 


I then came to C 


Works, 


in IS7S to design and build the Otis Steel 
] 


with which 1 was 


connected as engineer and superintendent 
for 16 vears. It is useless for me to say very much about the history 
of the Otis Steel Co., as it is too well known here. But there are two 
inventions which I worked out during the time I was connected with 
the Otis company that are today absolutely indespensable to the 
economic operation of any open-hearth steel works I refer to th 
open hearth charging machine and the use of the electromagnet for 
handling pig iron and serap steel. Just a few figures will give you a 
ittle idea of their importance to the trade and what they are saving 
every day. 

There were made in this country in 1916 approximately 39,000,000 
tons of pig iron and about the same quantity of steel ingots of all 
kinds. Very conservative figures show that at least half of this. or 
say 20,000,000 tons, Was pig iron and scrap handled and used in 
open-hearth furnaces. This was all handled by the open-hearth 
charging machine and electromagnet at least once, the bulk of it twice. 
and a great deal of it three times. By the use of the electric open 
hearth charging machine, the direct saving in labor is estimated by 
one of the large users at 25 cents per ton. ‘This was about 10 years 


ago, and of course labor is much higher today. same 
estimated the indirect saving in handling of the 


the furnace 


At the time he 
material charged into 


open-hearth (calling it only 20,000,000 tons) of $10, 
000,000. If we go back 17 years, this saving amounts to not less 
than $85,000,000. This is a big sum of money, but the estimate is far 


the maximum 
saving in labor by 


below amount which has been actually saved. Th 
the use of the electromagnet in “he United Stat: 


per year at the rate pig iron and scrap are being handled today is not 


less than $1,500,000. We can very safely say that in the last ten 
years at least five times that amount, or the sum of $7,500,000, has 
been saved; or a total for both of these inventions of nearly $100, 


00O0,000,—a saving of which any inventor might well be proud. 
open-hearth plant of any size in the world today 
these inventions, and they are considered as much a 
the equipment as the furnace itself. 


Every 
is equipped wit! 
necessary part ol 


Mr. Wellman’s machine for charging open-hearth furnace 
with white-hot steel was his greatest contribution to steel making 
and has been adopted by the steel concerns of the world, earning 
the inventor international fame. Machinery built under his 
patents is being used in Great Britain, France, India, Japan, 
Russia, Spain, Egypt and Germany. 

Mr. Wellman was a member of the American Society of Civil 














\UGUST 
1919 


neers, the American Institute of 


Mining Engineers, the 

Iron and Steel Institute, the British Institution 
Mechanical Ey eers and the Cleveland Engineering Soci ! 
cl itter li id held the offiees or vier president and president 

fe was a life member of our Society, joining in 1881. an 
t respectively as manager from 1885 to 1888, viee-pres 

t trom 1896 to 1898, and president in 1901, 

\t the age of twenty one Mr. Wellman married Julia \ 
lard at Stoneham, Mass., who died in Cleveland, July , 1914 

ae il ed b two daugliters, Mrs. A. D. Hat fie , Mr ( 
( tin and thre ns, W. 8. Wellman, pore lel ‘ ( 


and F. S. 


rial Prod ts Co., and M. ¢ 


ervies as held Monday afternoon. .J 4a 
| \ver Cor rt Lio? il Chureh, Clevelar d i : 
ed ny prominent eneimieers, maulacturers, ana 


I] init and Ambrose 
Society. Members of the Cleveland E ha iia 
t' the Wellman-Seaver-Morgan Co., and Wellman 
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ite 
HENRY WILLIAM IENES 
llarr W. Il he A e Steel Goods Co., Chieng 
m) TOT0 Mr. Ilenes was born in Janua ISS7 New 
(‘it nd s educated in the city schools Lit he entered 
ru itv from which he was graduated 1M y t! 
rt of M. I 
Ilis first position was as structural-steel esti te nd mspect 
\. Bolter’s Sons, Chicago, where he remained fo out three 
hen | ! ime associated with the Dueth-Ilenes Cor; 


eturing agents in the same city, as sect 


a ind treasure! 


rg Motor Devices Co ilseo 


next connection was with the Stromber 

Chicago, first as assistant purchasing agent and later siles 

yineet In July 1918S he became associated with the Aeme Steel 
oe in charge of the manufacture of nailless box-strapping 
Mr. Ilenes was a member of several social elul n (hienge 
vine junior member of the Society in 1000 

GEORGH ROBERT SHEPHEARD 
freorge R. Shepheard, chief engineer of the Viscose Co.. Mareus 


‘k, I’'a., died on May 1, 1919.) Mr. Shepheard was born on October 
}, ISS9, in Wilmington, Del., and received his early education in the 
ilmington vhile later training obtained through 
me study courses in the International Correspondence Schools 
le was connected at various periods in his career with the following 


his 


schools, 


and 


wis 
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PERSONALS 


In these am ’ 


ty and their j 
n the doings - 
rom meme 
l communir ‘ 
ned uf ’ , 
f Septembe 


CHANGES O|] 


Mason Hueco Diemer, Ordnar 1) t ! I Ss. A 
signed s professor of industri engine g at I St 
College to accept the positior t suy tt ‘ ! 
Winchester A sand Manufact ng Co ! Né I] n, 4 

Rt I Row Ley, tort I id ~ eng er ft t l 
gineer, United States Shipping B d, S. DP. Distriet, S 
Cal., resigned on April 15 and is now associated wit} 
engineering department of Jolmsor nd Iliggins, San | neis ( 

(.. BATEMAN SWASEY is 1 PY ‘ ‘ 
Manufacturing Compar f i lence, Kt. L., ‘ 


s superintendent of the Allen's A rine nt t 
h the Beleher M Iron ¢ ! f ast M 
‘ mcityv of trensurer 
R. RENTON 
actors 
of the 


Linn |} resigned nsult : ' \ 
Ltd., lor . ame 


Pampanga Sugar Mi Del Car n, I’ P. | 


L\NNOUNCEMI 


Mokris KNOWLES h concluded gugement 
of the Housing Department f the EK g leet ¢ 
United States Shipping ly ad ind has turned litt y |’ 


J. EK. MuUuLrecp and V. Z. CaRracristi ann 


Railway 


and Industrial Engineers, Ine... with office in N \ 
with a competent staff of experts thoroug! fami t 
and foreign methods and practices 
LIEUT.-COLONEL Henry M. ByLuespy. Signal Corns. 1 SA 
president of H. M. Byllesby and Compar has had the Engli I) 


tinguished Service Order conferred upon him. 














MECHANICAL 


VIAHER announces the formation of the Maher Engineering 





th offices in Chicago, to handle the sales and installation 
trie Engine Works high-speed engines, the Sims ¢ pany feed 

‘ Dayton-Dowd Company centrifugal pu Wager 

s ] » Company pumps Pratt Mngineering Machin 

I nad ilpl i id machinery 

| ok OM. Smiru, until recently in France as a lieutenant in t 

tC ( i gain associated with the Standard Engineering Com 
| d City, a., in the capacity of chief draftsman 
Lb. | LE has opened an office in New York, us engine i} 
ijuster of railroad loss and damage claims, 





( RGE S. Barker, formerly First Lieutenant, Aircraft Armament 
Lin \ir Service, A. E. F., has received his discharge and is nov 
ith the Farnsworth ipuany, ¢ oushohocken, Da., in the 

echanical engineer. 
Lut COLONEL ELMER K. IIILes, Engineers, A. KE. F., who went 
( tain in the 15th Engineers, has just returned after nearly 
years’ servi in France, and has joined the Vittst ‘Testing 
I unager of laboratories, with headquarters in Vl itts 
( STIAN GIRL, president of the Standard Parts pany, Cleve 
iwarded the Distinguished Service Cross by the War 


kopartinent in appreciation of the aid he rendered 


s ( niment motor truck. 
Hi. H. Ess! ryN, commissioner of public works it. Mi 
gned, to return to the tirm of Ksselstyn, Mury lI 

g s rchitects, Detroit. lis resignation was “ 

| tl l eased scope ol the work of the par 

MILTON | I’ LEWELLING, JR., has been released from I Ss 

on inactive duty as engineering ensign, and has been detach 
L. S. S. Chinampa. He has accepted the positior ch 
the Ashton Valve Company, Boston, Mass 

it W. IluntT has been made an Ilonorary Member of the 
\ s ety for Testing Materials. 

\I tHoMAS II, ALLEN has returned from France after two 

e with the American Expeditionary Forces and will as 
‘ s; practice as consulting engineer, Memphis, Tenn. 

I’, I. MATTHEWS, specializing in mechanical refrigeration, engaged 
past nine months as an expert on refrigeration by the U. SS. 
I} Markets, Washington, D. C., having to do with problems 

ng ith food storage and distribution under war conditions, has 
ed to his home at Leonia, N. J., preparatory to resuming Civi 
engineering work in New York. 


CHARLES L and general manager 


ALLEN has been made president 


the Ne Company, Worcester, Mass., when the company recently 

er its subsidiary the Norton Grinding Company. Mr. Allen 

tre irer and general manager of the company for some time. 
WILLIAM LACoOsTA NEILSON, Leicester, England, foreign manager, 
CARL I. Dirrz, general sales manager, have been made vice-presi- 


If. Nor 
(¢ pany, 
tment ot t 


‘ iV~« 


CHARLES 
Grinding 


~ 


Norton organization. 
years chief engineer of the Norton 
iosen chief engineer of the grinding machine «ds 
Norton Company under the pla 


\ eated offices of the new 
rON, tor many 
has been cel 


he reorganization n. 





(. BB. Lorp has resigned as general superintendent of the Wagne 

| ! Manufacturing Company, St. Louis, Mo., and, after a period 
t | assume the position of consulting mechanical engineer to 
paid) 

Jos. J. NELIS, for the past year with the Engineering Section, Emer 
gen ‘leet Corporation, Philadelphia, Va., has accepted a position 
with the Power Specialty Company, New York, as marine representa 
tive for Foster boilers, superheaters and air heaters. 

Myer M. SiiUsTeR who has been discharged from the Naval Air 
Service has associated himself as production engineer with the Clip 


Bar Manufacturing Co., of Philadelphia, manufacturers of the Shuster 
Speed Wrench. 


APPOINTMENTS 
IJerberr S. Eapes, formerly assistant mechanical engineer, Amer- 
Bridg Ambridge, Pa., has been appointed assistant 
mechanical engineer of the Pencoyd, Pa., plant of the company. 


ican Company, 


L. C. Spracuer, formerly district of sales at New York, 


manager 


Chicago Pneumatic Tool Company, has been appointed manager of 


western railroad sales, with headquarters at Chicago, Ill. 
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AT RESEARCIL SESSION 


sued m pe 
funds. The seeur of tunds, however, tor doing this work 
was, he believed, maltlest problem and the securing of men 
o do the ork e yvreatesl lle was decidedly In tavor ol 
private or s priva research work, but not for Federal 
control. 
Alber It sbury urged a carelul consideration of the resolu 
0 there were Inany members of the Soc Vy, he said, who 
were not presel the meeting, and it seemed to him rather 1 
advisable to e auction whi would eonstru he whole Society 
sa St ana ! o lle theretore suggested that the 
report ot the Cl ole ee be broud!l 0 the ilter o 0 
ali members Ol the Nel hrough su tiple means oOo publica 
tion. Certan ( unber of the members were interested 
In the n ! \ Ihe ous ht to receive consideration L hose 
present ce ) a all part ol he Soe \ and they ought 
not there ( { ‘ membership to ar wlior 
Thies y 1] estlol therefore Vas thi I 
ery inter dle report of the Clicago Committ 
vw published M ‘ lo NGIN ING d that no definite 
‘ ) TM t ) l i 
Replying to Mr. WKingsbun objcetions, Doctor Mees calle 
entior to ‘ he ‘ oO ottes poke onl 
thy s , <9 P : 
‘ cist 1 ! ? ‘ rie } 
binding | ote 
d pret Ser 
DISCUSSION AT GAS POWER SESSION 
iven up the pre of ¢ od sample 1 
( said, ind devotl ‘ ’ ~ il en 
Phe stateme ‘ lf I Hest pv rhee ecures 
with an arr t 1) e of SO d ob : od to have 
been so whe } wrature ot e wa t evlinders wa 
about ZOO cde under definite 1 re ons 
some one ether in fis experime Vith the it 
spot any depo wn had been noticed e higher tem 
perature a y is he would say tl } hia t rut 
tests under those « ons tor longer than thn or tortv hour 
without cha hot spot e wav or othe ind t 
therefore he had 1 observed ble ep 
time. He felt, however, that with he ( depo wi 
likely to colleet afte certain time 
ENGINEERING RESEARCH 
Va ne 1 | Metal-Cuttir lools BI wrapl fror 
1903 to 1918 Seareh 2546 A bibliog uphy of 2] pare 
Address A. S. M. E., 29 West 39th St... New York 
Vanufactuy | lkecovery of Oil from Cotton Seed Cake A 
bibhography of 2 pages, Seareh 2565 Address A. S 
M. E., 29 West 39th St., New York. 
Vanufactu / Making Up Paper Boxes and Containers 
A bibliography of 2 pages. Search 2582. Address A. S 
M. E., 29 West 39th St.. New York. 
Varine Enginecri l 9 Steel or Wood Paddle Steamers o1 
Barges for River Use. A bibligraphy of 5 pages. Seare 
2489. Address A. S. M. E., 29 West 39th St., New York 


Metal Vanut 


bibliog 
M. E., 
A 
( Vils by 


2467. 


DP 


troleum, 


Pumps I] 


ograp!| 


(9 Rubber Lining for Centrifugal Pumps. 


actuy / 19 Tap r Holes in Draw Plates A 
raph ol ll, pages. Seareh 2550. Address A. S 
29 West 39th St., New York. 

sphalt and Wood Products F' 2-19 Dehvdration ot 
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ACCESSIONS TO THE LIBRARY 


The following accessions to the Library of the 
United Engineering Society are a selection from 
t irge number of books which hav: eel 
added during the last month In particular the 
Library was the recipient of a gift from Mr 
Kirby Thomas o me -s entyv odd book 
logs, and pamphlets dealing in great part with 
mining and mining concerns 


Rornrock, J. T.. M.D (reas of Desolation in 
vivania Fr 


vivania Gift of Penns rrestry 


‘ Tite N THe Liagur of Recenr Resparcn 
l W ll Ilat ld 11S Second edition 
Pur sé 

‘ or MANU t 1914. vol. 1 Gift 
‘ Bureau t Censu 

‘ 1 i. Pumps anp S rion Drei } 
] I \W Sal ! si ad oeditio: 101s 
Purchase 

COLLOIDAL Furi by Lindon W. Bates 11% 
Properties Pests & Costs 

COLLOIDAL ul Composites of Oi and ¢ 

al Iv Lindon W Bates 11S qiilt 
s ine Defense \ssoclation 

Tb Co-op IN RUSSIA \ Pow ! 
t Reconst 1 Russias keconol I 
Ciift \le r Zelenk« 

I fic J ‘ ‘ PLUs INbI tL A DEMO 
‘ ’ I ( I IN ‘ (Reprint Gilt 
‘ iu I iw ( 

brut or DEMOCRACY vy Louis I Post 
Third e« ! 


The FLYING Book The Aviation World Who's 
Who and Industrial Directory Edited by W 
I Wad 1191S edition Pure! ‘ 

(ii wey of ATMOSPHERIC ELEcCTRIE Y TERMS 
I} W W Strong Gift of author 

TTA Mia SSION TABLES by W. R. Jones 
Reprint) Gift The Heating and Ventilat 
ne Muay ne 

Il i ritt MPTALLURGY Of InoN AND 


Iladtield (rift 


STEEI by Sir Robt \ 

autho 

Mik IMPORTANCE OF ADEQUATE DRAINAGE AND 
FOUNDATIONS FoR RoaAb AND STREET SUR 
FACES By Clifford Richardson (Reprint.) 
(,1lt of tuthor 


riik Rati 
(Reprint) 


DEVELOPMENT’ IN 
Lavis 


tTAN' 


WAYS OF SPAIN By F 


(rift author 

INDUSTRIAI ELECTROMBETALLURGY, including 
Electrolytic and Electrothermal Processes 
By Erie K. Rideal Purchase 


AMERICA, By Ray- 
(Reprint Gift of 


RESEARCH IN 
Bacon, 1916. 


INDUSTRIAI 
mond F 
author 


INTERNAL GEAR, THI The Fellows Gear Shap 
Co Springfield, Vt., 1919. Gift of the Com 
pans 

AN INrTropUcTORY ‘TREATIS!I ON DYNAMICAI 
ASTRONOMY, By Hl. C. Plummer, /9/8 Pur 
cbase 

INVENTIONS AND RECONSTRUCTION By Lawrences 
Langner Reprint from Printers Ink Gift 


from author, March 20, 1019. 


The ISTHMIAN CANAL, By H. HH. Rousseau 
1909 

JANI ALL THE Wor.p'’s” AIRCRAFT. 1918S 
Founded by Fred =. Jane. London 


Purchase. 


LeGAL Alp Society, Tue 
the year 1918 Neu 
Soc iety 


43rd Annual Report for 
York, M18 Gift of tie 


PENNSYLVANI\ 
Gift of 


PERU Y DE 
Lima, 1919. 


LOS PETROLEOS 
By Ricardo A 
the author. 


DEI 
Deustua. 


Vutt 
year 


ASSOCIATION, 
for the 


USEks’ 
Chief Engineer 


MANCHESTER STEAM 
Memorandum by 
1917-18. Gift. 


PHk MANUPACTURE OF INTERMEDIATE PRopU: 
rOoR DYES By John Cannell Cain London, 
Ts Purchase 
Mal » ist 
( de los rios Napo vy Putu ive ‘ 
( one ID, Pedro Portillo 

I ta Creral d Cidade de Sa aule 
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r nm Lind 

( te G oul I I. luenas Siguiend 
‘ l ri | Casma & Chaca 

( (ier lo Estado de S. Pau 1h] 

l ‘ ri M Loe 

( q ce Iie \lto Ueavali y B { 

Lind 

Plat More TSS 

Plas I I " j Limo 

rie M S | \ iv J W iM 
Sother I edition rewritter f 
191s l I 

Mecu I or MATER I 
N 0 I ! DURING AND A I 
WaAk Is George I Zim Londo 
Gift of 

rHe MENA‘ oO PATERNALISM B Ot 8 | 
Kali | ( t I 

LES M 1 } EURS CONDI ONS DE iD 
Ll ! \IODERNE 11S J. Oer I 

M | s ¢ \ By W. F. 4 
| I’ 

Mopenn | Sw 1 STI ! ] ( 
Ih), Git & M. M. & . ih ! rom 

/ ‘ j ‘ \\V 
Ieneines ( 

N URAL G RATE SITUATIO or THE UNITED 

l ‘ ( Wi Vine 4, KENT y 
D OTL ty Samuel S Wye Gritt 
author 

Nat I Out ON OF | | 
Ly | n J Stuatr \n dres et 

American & t ‘ ( hnginee! Is 
io ( 

Tée NEW SCIENCE PHe FUNDAMENTAL PHYSICS 


author 


New York | ! ND ‘TUNNEL EXTEN 
ION ¢ E Drs WNHA Rarhnoan, Thy 
Philadel; Pa., 1 Gift of Ge I. Fowle 

PAPER FO 1k AMI ‘ INSTITUTE OF M N 
AND M LU l. ENGINPERS On agre 
nowy and fertilizer 13) Woolsey Med 
Johnson Gri t ! 

PAPERS BY ¢ RICHARDSON (Subj 
Asphalt ISOT-1915 Gift of author 

PHOENIX FOUNDRY ater Delameter [ron Works) 
Cory Or DEED OF S¢te, 1842. Foundry stood 
on Vestry and High Sts., from about 1838-50 
John Eri on Wa msulting Engineer. New 
York Gift of Il. J. Porter in March, 1919 


A Phan ror Retro cp REORGANIZATION By Wm 


G. Raymond mio Gift of author 

POWDERED CO SA FUE By C. F. Heringtor 
Vew York, 11s Purchase 

PowrerR Pi I Installition, Upkeep and Eco 
nomical Operation By ‘I Roland Wollaston 
Vanchester, lots Purchase 

PRACTICAL SHELL ForRGING By CC, OO; Bower. 


Gift of Longmans, Green & Co 
ASSOCIATION, Year 


the Association 


PRINCETON ENGINEERING 
Sook, 19TS-191% Gift of 

PRINCIPLES OF PuarMacy. By Henry V. Arny 
2nd edit. Philadelphia, Pa., 1918 Gift of the 
author. 
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PROCEEDINGS OF THE Puntic Services COMM 
SION FoR THE Ft r lustrier, STaTr of New 
Youu vol X\ From July 1 to Dee 1 
101% Gift of the Ce this ! 

PRODUCTION OF QUICKSILVER IN Eurort By Dr 
Roeland Sterner Rainer Reprint from Che 
& Metal. Engng vol 1%, neo 10 and 11; vol 
“0, nes ] mud 2 ( t ( ! & M 
Engng 

Ponrnie OpPINton ON te I x Pi M 
liter iW It pid rear t ¢ por (ryilt 

i’ mw Urinrrn Rei \nnotated, 1918 
kK. & F Containing Decisi f the Pub 
Service Commission nal > te nd Feder 
Courts. Gift of The I Vy ‘ erative Pt 
lishing Co 2 vols 


WAARSCHIINLIJKHEIDSREKENING Big At MAT 
ISCHE ‘TELEPHONIE 1V1s Den Haag Ihy 
Urssul Philip Lely Gift of the author 

WHAT THE NATIONAL FORE MEAN TO THIF 
Wa k USkEk ivy Sam Ir. Dana U.S. Dept 
of Agriculture, Forest Service 1919 Gift of 
U.S. Dept. of Agriculture 

WHEN Ce on ] N Gok SEA ty | 
N. Tlurley Gift : 4% S. Shipping Board 

WorRK MEN COMPENSA . Law or PENNS\ 
\ \ Court Decisions Edit. by H. A. Ma 
key 1916-1018 Harrisburg, Pa Purchas 

Your STREET CAR SERVICE New York Railway 
Company. 1919. Gift 

TRADE CATALOGS 

ANACONDA Co Minina Co., Anaconda, M 
Ihe An nla Ike Works Jat 
roi 

\ ‘ la ‘ Ne \ k Ci s 
I dit t A N | 

BAILEY Merv ‘ . Bost M llow to 8 
( l N i1 

Beam E> NEERIN ( Chicag I}! Bilal 
Ports, \ il S I kets 

CARNBE@II STE ‘ litt ea | Pa Ss 
Building ¢ nnels 1 Sections i 
edition 

CoeEN Co., San Francisece Ca The Coen Sys 
ter Mae I il oO l r ‘ 1919 Cata 
, 

CONNEAT Mrrar Wort ( Conneaut, Ohio 
\utomatic Valve-closed Watertight Electrical 
Plug Re ita imal At x Plugs Bul 
etin B April 10, 1919 

DECARIE INCINERAT Co Minneapolis, Minn 


ities. The Disposal 


Incineration for 
of City Refuse 


rif DerexnpDeR AUTOMATIC R 
Louis, Mo Catalog no. 11 


LATOR CO., St 


STEAM TI Trenton, N. J 


Marine Steam 


RBRINE Co., 
Tur 


Ibe LAVAI 


(reared ines 


Dir C 
Brass Cast 


ASTING co 
inpes 


DoOrRHLPR . Brooklyn, N y 


Finished 


Tie EvLecrrical Power CLUB 


Bulletin No. 6300-—Dolyphase a. ce. motors 
= = Goo ad. ¢ 


oO400 


motors 


Large single-phase moto! 


IMPLEMENT Co., Rock 
Line General Catalo 


SRANTINGIIA M 


The E-B 


Ie MERSON 
ford, Il 


no. Of 


Ture M. Garranp Company, Bay City, Mich 
Catalog No. 40. Special Saw-Mill and Wood 
_ Working Machinery. 
GENPRAL ELeEcrnic Company, Schenectady, N. Y 
Bulletin 47163. Alternating Current Standard 
Unit Panels with Oi] Circuit Breakers on 
Panel. Oct. 15, 1918. 
CR 7006 Form Al 
Switches.. 
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